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ABSTRACT 


Application  of  regeneration  to  the  small  gas  turbine  engine  can  provide  a 
significant  improvement  in  Army  aircraft  range  capability  and  in  fuel 
logistics.  However,  very  little  is  known  about  regenerator  performance 
when  tested  under  actual  operating  conditions.  This  is  especially  true  of 
regenerative  engine-aircraft  compatibility.  The  program  was  oriented 
toward  gaining  this  experience. 

The  program  was  divided  into  three  phases.  Phase  I  consisted  of  the  de¬ 
sign  and  fabrication  of  the  regenerator  and  required  engine  modifications. 
Phase  II  ercompassed  the  engine  testing  required  to  ensure  the  flight 
worthiness  of  the  regenerative  engine.  Phase  III  included  modifications 
of  a  YOH-6A  helicopter  and  flight  test  of  the  regenerative  engine  powered 
aircraft  throughout  its  operating  range. 

The  test  program  demonstrated  the  feasibility  of  a  regenerative  engine  as 
a  powerplant  for  aircraft  operation.  A  horsepower-to-weight  ratio  of 
1  62  and  a  maximum  specific  range  of  1.  25  miles  per  pound  of  fuel  were 
demonstrated.  The  addition  of  a  regenerator  increased  the  specific  range 
of  the  YOH-6A  aircraft  by  25.  7%.  The  performance  at  altitude  agreed 
with  the  originally  predicted  values  obtained  by  means  of  a  computer  pro¬ 
gram. 

The  transient  response  of  the  regenerative  engine  powered  aircraft  was 
similar  to  that  obtained  using  the  prototype  T63-A-5  nonregenerative  en¬ 
gine. 
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INTRODUCTION 


Application  of  regeneration  to  the  small  gas  turbine  can  provide  a  signifi¬ 
cant  mprovement  in  Army  aircraft  range  capability  and  in  fuel  logistics. 
IIowovoi  .  very  little  is  known  about  regenerator  performance  under  actual 
operating  conditions.  This  is  especially  true  of  regenerative  engine  air¬ 
craft  compatibility.  'The  program  u  as  oriented  toward  gaining  this  ex¬ 
perience. 

Parametric  studies  have  been  made  to  determine  the  optimum  regenera'or 
effectiveness  for  light  helicopter  applications.  'These1  studies  hav'*  sho 
that  although  specific  fuel  consumption  decreases  as  regener  rlor  efle  •- 
tivencss  increases,  the  higher  regenerator  effectiveness  icquires  a  s  lb 
stantially  greater  size  and  /eigh  which  lowi  r  the  fuel  cn  ‘nine  q>ai  •  1 1  \ 

of  the  aircraft  for  *  given  gross  \v<  ight.  In  terms  f  a  <  t  aft  perfor¬ 
mance.  the  optimum  regenerator  effectiveness  ii«*s  between  at)"’  and  7fv  . 
Within  this  range}  of  effectiveness,  the  final  design  ffeoUveness  for  any 
particular  installation  is  dependent  on  the  trade-off  between  engine  weight, 
physical  size,  and  engine  specific  fuel  consumption.  Tor  this  trust  pro¬ 
gram,  it  was  necessary  to  adapt  a  regenerator  to  an  exist  in  1  TGG  engine 
for  installation  in  an  existing  YOH-fiA  helicopter.  Under  tin  -e  conditions, 
the  target  effectiveness  was  GO  '  with  a  total  pressure  drop  of  b  «GG  A. 

The  program  was  divided  into  three  phases.  Phase  I  consist,  d  of  th  de¬ 
sign  and  fabrication  of  the  regenerator  and  required  engine'  modifications. 
A  "bolt-on"  type  regenerator  requiring  a  minimun  of  engine  aid  air  raft 
modifications  was  designed  and  fabricated  by  AiResearch  M anufactu  ring 
Division  of  Garrett  Corporation.  Phase  II  ('ncompassed  the  engine*  testing 
required  to  ensure  che  flightwortliiness  of  tin*  regener at  ive  engine.  Pfiase 
ITT  included  modification  of  a  YOH-GA  helicopter  and  the  flight  test  of  the 
regenerative  engine*  powered  aircraft  throughout  its  operating  range. 


SUMMARY 


The  regenerative  engine  produced  300  hp  with  a  specific  fuel  con¬ 
sumption  of  0.  555  at  takeoff  and  Military  power  rating  (TOT  = 

1380°F).  This  is  7%  above  program  target  horsepower  and  0.  9% 
below  program  target  specific  fuel  consumption.  The  basic  engine 
without  the  regenerator  exceeded  specification  by  approximately  2%. 

The  regenerator  performance  rnot  or  exceeded  the  program  target 
values  of  80%  effectiveness  and  9.  80%  total  pressure  drop.  Regener¬ 
ator  weight  was  50.  2  lb. 

The  total  engine  weight  was  184.  5  lb,  resulting  in  a  horsepower- to- 
weight  ratio  of  1  .  (12 

The  engine  successfully  completed  a  50- hr  flightworthiness  test 
without  difficulty.  All  parts  were  found  to  be  in  excellent  condition. 
The  maximum  performance  depreciation  of  2.  1%  occur  ed  at  75% 
normal  power.  This  depreciation  is  well  within  the  allowable  limits. 

At  takeoff  and  Military  power  (1380°F  TOT),  the  engine  performance 
at  altitude  agreed  closely  with  calculated  performance.  Horsepower 
ranged  from  2%  to  8%  above  calculated,  and  specific  fuel  consump¬ 
tion  ranged  from  1%  below  to  2%  above  the  calculated  performance. 

Bypassing  the  exhaust  side  of  the  regenerator  did  not  increase  the 
horsepower  at  1380°F  because  of  excessive  pressure  drop  in  the  by¬ 
pass  system.  With  a  regenerator  specifically  designed  for  a  bypass 
system,  the  pressure  drop  could  be  reduced. 

The  maximum  specific  range  of  the  regenerative  powered  helicopter 
was  1.  25  mile/lb  of  fuel  compared  to  0.99  mile/lb  of  fuel  for  the1 
nonregenerative  powered  helicopter.  This  is  a  25  7%  improvement 
in  range*. 

Installation  losses  of  the  re  enerative  engine  in  che  YOII-OA  were 
2.  2  '  in  horsepower  and  1.  8"*/  in  specific  fuel  consumption.  This 
oss  is  comparable  with  that  of  the  nonregene  native  engine. 

\ n  operational  control  system  for  the  regenerative  engine  was  u  t  :>• 
using  existing  iionregeP'*'*:*!  i\  .*  control  components 


Aircraft  control  response  during  transient  and  steady- state  opera¬ 
tion  was  adequate  for  the  test  program.  Additional  control  work  is 
required  to  provide  transient  response  close  to  that  of  the  T05-  A-5A 
non  regenerative  engine. 

Compartment  temperatnr  s  were  27°  to  OG3  F  hiulmr  ih  ui  t!  um1  \\  ith 
the  nonrogenerative  engine.  \ltaough  compartment  temperatures 
wore  still  within  limits  for  t he  test  program,  hot  day  operation  will 
require  insulation  on  tin*  regenerators  to  reduce  compartment  tem¬ 
peratures.  Estimated  weight  of  the  insulation  is  -1  Ih. 

Infrared  measurements  of  the  regenerative  powered  aircraft  indi¬ 
cated  a  marked  reduction  in  the  infrared  signature  from  the  "tail-on" 
position.  Infrared  i  adiation  test  results  will  he  published  by  Naval 
Weapons  Test  Center. 

A  total  test  time  of  121  hr  50  min  was  aceumulaied  on  three  sets  of 
hardware.  The  maximum  time'  on  one  set  of  haidware  was  do  hr 
50  min.  Of  this  total  lest  tinny  21  hr  5  min  flight  test  time  was 
accumulated  on  the1  third  set  of  regenerators. 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  test  data  obtained  during  this  program  has  demonstrated  the  feasi¬ 
bility  of  a  regenerative  engine  as  a  powerplant  for  aircraft  operation.  No 
serious  problems  (i.e.  ,  abnormal  engine  depreciation  or  excessive 
thermal  inertia)  were  encountered  during  the  program.  In  addition,  the 
regenerator  has  demonstrated  the  capability  of  withstanding  the  tempera¬ 
ture  transients  associated  with  engine  operation. 

However,  there  are  areas  which  should  be  investigated.  Additional 
endurance  time  should  be  accumulated  on  the  existing  hardware.  The  area 
of  carbon  fouling  and  dust  ingestion  should  be  investigated.  No  problem 
with  carbon  fouling  was  encountered  in  this  program,  bit  a  specific  test 
schedule  should  be  run  which  will  tend  to  build  up  carbon.  Carbon  buildup 
should  be  greatest  after  long  periods  at  low  power.  The  effects  of  sand 
and  dust  ingestion  should  also  be  investigated.  A  regenerator  should 
tolerate  the  same  dust  environment  as  the  basic  engine. 

It  should  be  kept  in  mind  that  the  regenerative  engine  resulting  from  this 
program  is  not  the  optimum  regerarative  engine  cycle.  To  obtain  the 
maximum  benefit  from  the  regenerator,  the  engine  should  operate  at  a 
constant  temperature.  Variable  turbine  nozzles  or  power  transfer  can 
provide  this  mode  of  operation.  With  constant- temperature  operation,  the 
specific  fuel  consumption  at  low  horsepower  is  significantly  reduced,  re  - 
suiting  in  the  flat  specific  fuel  consumption  curve  characteristic  of  most 
regene /alive  engine  performance  studies.  Any  further  regenerative  en¬ 
gine  programs  should  consider  variable  geometry  or  power  transfer. 
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REGENERATOR  DESIGN  AND  FABRICATION 
PREUM  INARY  DESIGN 

A  major  consideration  in  design  of  the  regenerator  was  achievement  of 
lavorablo  performance  in  the  envelope  available  with  both  flow  maldistri¬ 
bution  and  pressure  losses  held  to  a  minimum.  'The  relatively  high  duct 
velocity  pressures  required  that  abrupt  changes  in  flow  direction  and  flow 
area  be  avoided  to  achieve  low  pressure  losses.  This  philosophy  was  fol¬ 
lowed  in  the  design  of  the  regenerator,  although  restrictions  of  duet  loca¬ 
tions,  sizes  nd  overall  envelope  required  some  compromise. 

A  core  no-flow  dimension  that  is  large  relative  to  one  or  two  of  the  other 
core'  flow  dimensions  generally  results  in  a  lightweight  core  whereas  a 
small  no-flow  dimension  results  in  a  heavier  core,  For  a  given  heat  ex¬ 
changer  core,  as  the  no-flow  dimension  is  reduced,  the  mass  velocity  on 
both  sides  of  the  euro  increases  directly.  If  tlu^  core  matrix  is  unchanged, 
then  the  flow  dimensions  on  both  sides  of  the'  core  must  be  increased  to 
reduce  ihe  pressure  drops.  Mthough  tin*  core  velocity  pressure  decreases 
with  the  square  of  tin*  increase  in  flow  width  on  one  side*  of  the*  core,  the 
corresponding  increase  in  flow  length  on  the  other  side*  of  the  core  cause's 
the  pressure  drop  to  decrease  at  a  slower  rate  ihan  1 !  1 1 *  flow  width  in¬ 
creases.  Since  the  surface  area  rf  the  core  increase's  die  temperature 
effectiveness  also  increase's,  requiring  a  change  in  heal  exchanger  sur¬ 
face  to  a  less  restrictive  and  Unas  compact  heat  trail  fer  surface.  As  a 
result,  a  smaller  portion  of  the  pressure  drop  is  utilized  in  tin*  heal  trans- 
ror  poition  of  the  con  and  the  parasitic  losses  are*  larger.  This  relation¬ 
ship  is  shown  in  Figure  1. 

rite*  problem  of  a  small  no-flow  dimension  is  inherent  in  n  <>d  aircraft 
heat  exchanger  applications  where  space  is  restricted.  This  was  also  true 
with  tin*  TfiM  application.  For  the  !  (>M  application,  a  maximum  no-flow 
dimension  was  attained  by  designing  the  core  in  the  form  of  a  ring  or  annu¬ 
lus.  This  design  concept  lends  itself  to  packaging  in  a  compact  eonl’igura- 
tionand  to  reasonable  duct  designs  that  minimize  both  flow  maldistribu¬ 
tion  and  pressure  loss.  See  Figure  48. 

The  final  regenerator  flow  configuration  is  a  two-pass  folded  «*ros>  flow 
design.  Figure  2  shows  the  gas  and  airflow  paths  through  the  regenerator 
Two  regenerators,  a  left-hand  and  a  right-hand,  are  required  for  each  en¬ 
gine.  The  two  regenerators  are  defined  as  a  ship  set  \ir  enters  the  re - 
generator  thi  ough  the  air  inlet  duet  from  the  engine  compressor,  turns 


PPO 


through  a  moderate  angle4  expands  in  the  diffuser  motion,  and  expands 
into  the  air  inlet  manifold  of  the  regenerator.  The  diffuser  is  a  cone- 
shaped  insert  in  the  air  inlet  duct  and  serves  to  reduce  the  expansion 
losses  into  the  air  inlet  manifold.  The  air  enter-  half  of  the  regenerator 
core  tubes  and  passes  to  a  toroidal  turning  pan  From  the  turning  pan, 
air  enters  the  remaining  half  of  the  core  tubes  for  the  second  core  pass 
and  passes  into  the  air  return  manifold.  ‘The  air  is  then  contracted  into 
the  air  outlet  duct  and  is  turned  at  two  If) -degree  angles  before  exit  from 
the  regenerator. 

Flow  maldist r  ibuti on  on  the  air  side  is  minim  i/ed  b)  orientating  the  core 
relative  to  tin*  tir  inlet  and  air  outlet  ducting.  !•  igure  a  illustrates  this 
effect.  With  the  headers  arranged  as  shown  in  Figure  3A,  a  preferential 
flow  will  occur  at  the  -.ore  inlet  and  outlet.  Flow  at  the  extreme  ends  of 
the  header  will  be  minimized  because  of  the  sharp  turning  required.  V he 
sobs  ted  header  or  dilation  is  illustrated  in  Figure  3B  This  configura¬ 
tion  balances  the  pressure  losses  of  the  inlet  and  outlet  header's  and  re¬ 
sults  m  a  uniform  air-swie  distribution. 

Rxhaust  gas  enters  the  regenerator  from  the  engine  (exhaust  duct  and 
makes  i  single  radial  pass  across  the  core  tubes.  The  gas  is  collected  in 
an  annulu'  gas  outlet  manifold  and  passes  through  a  square  duct  to  the1 
helicopter  exhaust  ducting.  With  this  arrangement,  a  preferential  gas 
flow  path  would  exist  through  the  core.4  if  uniform  core  tube  spacing  were 
used.  The  flow  path  would  be  through  the4  eon  adjacent  to  the  outlet  duct 
opening.  This  effect  is  minimized  by  spacing  tin*  core  tubes  in  both  the 
•  xlinust  gas  flov\  and  core  no- flow  directions.  The  tubes  are  more4  close]\ 
spared  at  the4  outlet  side  of  the4  manifold  and  farther*  apart  on  the4  opposite4 
side  of  the4  core.  The4  optimum  core  tube  sparing  was  determined  by  an 
\iKesearrh  computer*  program. 

Figure*  4  shows  the4  general  arrangement  of  the  Tt>M  coit,  The  core  tubes 
are  arranged  n  an  annular*  configuration  with  a  variable  tube  matrix  den¬ 
sity  around  the  core.  The  tube  pattern  is  a  staggered  design,  For  refer- 
rncr  purposes,  the4  c'orej4  has  been  divided  into  various  sectors  from  f  to 
VI.  The4  core  geometry  is  symmetrical  about  the4  centerline  with  core 
sector  1  identical  with  core  sector  1',  etc*.  Sector  IV  is  divided  into  rVF 
■i  U  since  this  portion  of  the*  core  neorpe  rates  the  first -to  -ere:  d 
;nss  split. 

'i’he  core  matrix  density  is  er*  m  i  aeon:  to  lln-  gas  or*  let  I  a  i  D'<  t  i 

VI  and  VI')  and  decreases  in  the  r*  no  'low  direction  *o  ;  •"■•mm . 

Sectors  1  and  IV  Due  in  m  rv.  n«  *or*  o  \  f 
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Figure  3.  Air-Side  Distribution. 


also  ( lec n *ase« I  in  tin*  gas  flow  direction  lrom  a  maximum  at  the  inner 
diameter  to  a  minimum  at  the  outer  eore  diameter.  I  his  core  arrange¬ 
ment  w  as  designed  and  ontimized  using  the  A i  Research  tubular  heat  ex¬ 
changer  program.  The*  program  considered  different  tube  diameters, 
tube  sparing,  and  tvpes  o!'  tubes.  All  of  tin*  tube  patterns  investigated 
were  of  the  stayer  red  type 

Tin*  TG3  regem  rator  is  fabricated  entirely  of  Type  347  stainless  steel; 
the  eore  tubes  are  bra/ed  w  i  1 1 1  bra/e  alloy  per  \MS  477th  The*  CRHS  347 
material  was  seleeted  a-  that  best  suit*  1  for  this  application  based  on 
structural  requirements  good  roiTusion  resistanee  in  the  high  temper- 
ature  .  1  1  * -4  combustion  products  atmosphere,  and  relative  ease  of  fabri- 
eation.  Tile  corrosion- resist ant  properties  of  CRES  347  have  been  sub¬ 
stantiated  in  its  urn  in  a  number  uf  Ai  Researeh  regenerator  applications. 
C'orrosion  studies  of  (Tv  f ' S  347  wen*  eondueded  during  tin  development 
program  for  the  Mhson  173  regenerator.  In  these  studies,  CHITS  347 
specimens  were  subjected  to  stressed  salt  spray  and  high  temperature 
(1400  E)  .11  *-4  combustion  product  at  mosplieros .  The  test  results  verified 
the  selection  of  ERICS  .147  as  tin*  basic  core  materials  of  tin*  173  regener- 
at  or . 


Hour  types  nf  vibration  sere  considered  in  the  it  iyn  of  tin*  reyeiierntor: 

O  St  ructure- borne  vibration  originating  l  rom  the  engine  and  rotor 
2 ’ ot  at  ing  a  s  s  e  m  b  1  i  e  s 

O  Air  and  ga.^  acoustic  pressure  fluctuations  originating  at  tin*  turbine 
or  compressor  blade  passages  and  transmitted  to  tin*  regenerator  by 
the  flow  iny  fluid 

O  External  acoustic  airborne  noise  lrom  tin*  engine  or  rotor* 

O  Aerodynamic  excitation  ol  the  tub»*s  in  the  ('ore 

The  structure-borne  vibration  is  the  more  critical,  and  the  fundamental 
frequencies  of  die  unit  (such  as  rigid-body  mode  of  the  unit  on  the  mount¬ 
ing  flanges,  core  I undament a i  frequencies  etc)  wen  designed  to  he  out¬ 
side'  the  most  prevalent  exciting  frequency  ranges. 

The  vibration  that  results  from  die*  acousfit  pressure*  fluctuations  an* 
critical  only  in  the  design  of  the*  thin- gage  sheet  medal  manifold.  Experi¬ 
ence  has  shown  that  the  relatively  flat  areas  of  manifolds  are  particularly 
subject  to  this  type  of  excitation.  This  problem  ran  easily  lx  *  improved  by 
local  stiffening  or  by  the  use  of  damping  m;  terial.  The  relatively  flat 
areas  of  the*  gas  outlet  manifold  were  designed  to  incorporate*  parent  metal 
stiffeners  to  avoid  this  problem. 
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rhe  only  type  nr  aerodynamicallv  excited  vibration  that  is  oi  c oiu'ci'n  in 
the  regenerator  is  that  induced  by  the  vortex  shedding  off  the  tubes  that 
may  tend  to  excite  the  core  tubes  individually.  In  the  regeiv  rator  design, 
the  free  length  of  the  Hibes  was  reduced  by  a  spacer  plate  i  rough  which 
all  the  tubes  oass.  'The  spacer  plate  is  not  attached  to  the  unrounding 
structure.  Since  the  natural  frequency  of  the  tubes  varies  with  the  tube 
length,  the  tendency  towards  excitation  is  decreased  by  the  spacer  plate 
because  the  effective  tube  length  is  decreased. 

Vibration  stresses  and  combined  steady  and  vibrating  stresses  were  de¬ 
signed  to  be  within  the  allowable  envelope  of  a  Cloodman-type  diagram  for 
the  regenerator  material  at  the  appropriate  temperature  level.  The 
boundary  of  the  envelope  was  estal  lished  by  the  endurance  limb  stress 
and  yield  strength  of  the  material. 

The  first  set  of  regenerators  was  subjected  to  preliminary  vibration  test¬ 
ing  at  Allison.  No  major  problems  were  encountered.  The  principal  re¬ 
generator  resonance  frequencies  with  vertical  excitation  were  at  44,  58, 
and  1  Oa  ops.  The  left-hand  module  exhibited  a  pitching  and  yawing  motion 
with  respect  to  the  engine.  As  a  result  of  this  motion  the  air  inlet  duct 
rotated  in  the  compressor  outlet  casting  while  the  air  outlet  duet,  sustained 
an  oscillatory  motion  at  the  root.  The  amplitude  of  the  movements  was 
comparatively  small.  The  right-hand  module1  was  steady  during  the  test. 

■\  1/16  '<  1  /:>  in.  tie  strip  was  added  between  the  gas  outlet  manifolds  of 
the  two  regenerator's.  \nothcr  1/16  X  1/2  in.  tie  strip  was  added  between 
each  regenerator  gas  outlet  flange  and  the  engine.  With  the  tie  strips  in 
place,  the  vibration  scan  was  repeated.  The  amplitude  of  the  motions  was 
reduced  to  negligible  levels  and  the  resonant  frequencies  wer  shifted  to 
7  5.  106,  121,  and  8  I  0  cps. 

Horizontal  excitation  m  the  direction  of  the  engine  axis  yielded  resonant 
frequencies  of  .Miial!  amplitude  at  frequencies  of  7.4  to  84.  105  and  120  n. 

I  f>0  cps.  The  ('ore  tubes  were  not  excited  by  this  testing. 

STKKSS  AX  M.YSIS 

Thermal  stresses  in  the  regenera+or  may  be  divided  into  two  types: 
steady  state  and  transient.  Steady-state  thermal  stresses  exist  in  the  re¬ 
generator  during  most  of  its  operational  life,  while  transient  thermal 
stresses  are  imposed  only  during  startups,  shutdowns,  and  load  ehang< 
and.  therefore.  o<  cur  for  relatively  shorter  periods  of  time. 
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In  lhu  regenerator  des ign,  steady -state  thermal  stresses  have  been  reduced 
in  u  min  ‘mum  by  Hi*'  selection  of  a  unit  that  is  I'ivc  to  expand  along  its 
centerline  from  a  fixed  reference  at  the  gas  inlet  mounting  flange*.  Be¬ 
cause  of  the  flow  arrangement  through  the  regent  rator,  there  is  an  in¬ 
herent  radial  and  ei  reumferenlial  thermal  gradien  t  in  the  manifold  and 
the  core  tubes  'The  core*  tubes  near*  the  center  oi  the  unit  that  are  ex¬ 
posed  to  the  incoming  hot  gas  operate  at  a  higher  temperature*  than  the 
core  lubes  on  the*  outer  diameter*  of  the  core,  and  each  pass  of  the*  re¬ 
generator  core  operates  at  different  temperatures.  The  incoming  air  in 
the  first  pass  is  roiativelv  cooler  and  results  in  a  lower*  tube  temperature 
in  the  first  pass  eore  tubes.  The  relatively  hi. gin  r  air  temperature-*  of  the* 
se  *on (1  pass  results  in  higher  tube*  temporal  nr« *s  in  the  seeond  pass. 

I  hese  temoerat ure  differentials  cause  differential  tube  growths  from  the* 
inner  to  the  outer*  header  diameter  and  a  maximum  differ*  ntial  tube 
growth  across  the  eon*  at  the  transition  from  tin  I  rst  air*  pass  to  the 
second  air  pass.  Tin*  header  has  been  split  and  a  odlows  inrorporated  in 
the  design  to  lower*  the*  eore  tube  stress  in  these  areas. 

\  critical  s'ress  area  in  the  regenerator  is  at  the  first  inside  lube  rows. 
riie.se  tubes  are  subjf  eted  to  the  hot  incom  ng  e*  s  a. id  tend  to  grow  at  a 
lastei*  i*aie  than  the  eore  tubes  at  outer  diameters.  A  bellows  is  incorpo- 
i.ited  between  the  core  header  and  the  air  sick*  return  header.  The  be| 
lows  in  orporates  the  desired  flexibility  into  the  i  ore  and  decreases  tin* 
loading  on  the  inner  tubes.  The  air  inlet  outlet  hea  ter  plate  is  also  de 
signed  to  provi  l(*  fin*  desired  radial  flexibility  in  the  eon*.  To  oppose  the 
air-side  pressure  loading  on  the  header  inner  tabes,  a  perforated  cylin¬ 
der  is  attached  on  the  gas  side  between  the  air  return  header  and  the  gas 
inlet  duct.  A  secondary  purpose  ol  the  perforated  cylinder  i  to  art  as  .1 
heat  shield  for*  the  firsi  rows  of  eon*  tubes  on  the  gas  side.  Core  tube 
failure  of  the  inner  rows  is  further  avoided  In  using  plain  undimpled. 
n.(M)(i-in.  wall  tubes  in  tin*  first  three  inner  *  ore  rows. 

The  eora*  lube  arrangement  is  show  11  b\  f  igure  A.  As  mav  be  semi  in 
Figure  a  the*  core  tube  matrix  densilv  has  been  seleeti  1  to  promote  um 
form  gas  flow  through  the  core.  Sector's  IV  and  IV  ol  Figure  A  include  .1 
split  between  the  air  inlet  and  air  outlet  sid*  s  ol  the  core.  The  header 
was  s  nl  it  111  these  two  areas  because  tin*  !e,  iperalun*  gradient  between 
the  iir  inh't  and  air  outlet  side's  of  the  core*  results  in  *  xressive  Fkm;  i,.be 
■r*i-ssing.  Sufficient  fle\ibllit\  could  not  be  jesirned  nte  the  heudor 
d  1  e s  1  ■  areas  to  pr*event  lire  «um*sti*ess  m  adjacent  tub'  I  euAa  *•  ;u,i,n- 
<•  til,-  gas  side  is  presented  In  11a  ise  of  a  thin,  flexible,  met.d  s-  Ft 


Tube  Description 

Length  4.  90  in. 

Tube  Rows  =  25 
Total  Tubes  =  5490 
Tube  OD  =  0.  10  in. 


Rows  1,2,3 
24  and  25 

Rows 

4  through  23 

Tube  Wall  (in.) 

0.  006 

0.  004 

Tube  Surface 

Plain 

Ring 

Dimple 

header  at  these  points  to  allow  a  difference  in  the  relative  expansion  of 
the  adjacent  core  tubes.  The  gap  in  the  core  tubes  that  results  from  the 
incorporation  of  the  split  header  was  blocked  off  using  sections  of  plain 
triangular  fins. 

The  tube  ni(  tal  temperature  differential  at  the  first  and  second  air  passes 
was  investigated  to  determine  if  the  loads  imposed  on  the  adjacent  core 
tubes  would  be  excessive  if  a  solid  header  were  used.  Figure  8  shows  the 
temperature  differential  between  adjacent  lubes  on  either  Side  of  the  split 
at  the  inside  and  outside  diameter*'.  At  the  core  outside  diameter,  a  dif¬ 
ferential  of  42 3°F  occurs  at  seven  seconds  at  a  flow  of  1.39  IbAscc  and  a 
steady- state  temperature  difft  °  n  ial  of  141°F.  Figures  7  and  8  show  the 
peak  transient  and  steady-state  obTerentials  at  the  division  between  the 
first  and  second  passes  in  the  core  radial  direction.  Those  curves  show 
that  the  entire  second  pass  tends  to  grow  more  than  the  entire  first  pass. 

Rased  on  actual  test  data,  the  maximum  allowable  compressive4  load  for 
the  dimpled  tube  is  9.  6  lb.  The  induced  compressive?  load  resulting  from 
a  temperature  differential  between  the  first  and  second  passes  can  be 
calculated.  The  induced  compressive  load  was  found  1o  be  0.  1088  time's 
the  temperature  differential.  For  a  9.  8- lb  load,  the  maximum  allowable 
temperature  differential  is  9Q°F.  Therefore,  both  the  transient  (423°F) 
and  the  steady-state  (141°F)  tempi  nature  differentials  are  in  excess  of  the' 
allowable  90  F  and  required  a  split  lu*a  l**r  to  reduce  the*  tube  loads  to  an 
acceptable?  level. 

For  the  neader  analysis,  only  the  steady-state  condition  was  considered 
because  it  was  assumed  that  the  header  plates,  havir.g  a  relatively  high 
thermal  inertia,  will  slowly  conn  up  to  steady- SLate  condition  without 
being  affected  by  transient  peaks.  The  average  radial  temperature  gr  1- 
ient  for  tin?  air*  return  header  plate  was  obtained  by  using  the  mean  gas  and 
air  temperature  on  either  side*  of  the?  header  plate.  Rased  on  tin*  mean 
radial  temperature  gradient,  the  tangential  and  radial  stresses  in  the 
header  were  calculated.  Figure  9  shows  the  results  of  this  calculation  mid 
that  the  stress  distribution  is  of  an  acceptable  level. 

The  pressure*  loads  in  the  core  header  were  obtained  using  the  critical 
speed  beam  computer  program.  The  analysis  was  made  at  Senior  I  m  tli«- 
core*.  Figure  10  shows  the*  header  bending  stresses  and  in  iicates  that  the 
maximum  header  bending  stress  occurs  at  approximately  the*  24th  tub* 
row.  The.*  calculation  assumed  a  lieadei  thickness  of  0.08  in.  at  the*  outer 
edge  and  0.0a  in.  thickness  at  flu*  center.  It  was  further  assumed  thai  a 
bellows  was  incorporated  at  the*  inner  edge  ot  the  header.  The  require¬ 
ment  for  the  oellows  is  discussed  late*r.  Tl  e  maximum  header  bendine 
stresses  obtained  are  listed  in  'fable  [. 
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Temperature  Differential  Across  the  Ileadei 
Split  at  the  Curt;  OD  and  ID. 
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Compression  Tension 


Tube  temperatures  during  startup  transient  at  3  sec. 
Flow  0.7  lb/sec. 

AT  =  1290  -  374  =  916°F. 

Tube  rows  1  2,  24  and  25  have  0.006-in.  walls. 

This  profile  (at  sector  1)  gives  the  highest  tube  loads  for 
the  regenerator. 


Figure  12.  Core  Sector  I  Tube  Temperatures. 


Notes: 

1.  Tube  loads  during  startup  transient  at  3  see 
without  bellows  at  ID  on  return  header, 

2.  Flow  0. 7  lb/see. 

3.  Return  pan  torsional  stiffness  factor  6300  in.  -lb  in. /rad. 

4.  AT  1290  -  374  916  F. 

5.  Tube  rows  1,  2 ,  24  and  25  have  0.006-in.  walls, 

6.  Allowable  tube  loads  are  at  1200  F. 


OI)  II) 

Tube  Row  No. 


Figure  13.  Core  Sector  I  Tube  Loads. 


Estimated  Allowable  0.004  Tube  Load 
Estimated  Allowable  0.  006  Tube  Load 


Calculations  show  that  the  bellows  reduces  the  tube  loads,  caused  by  the 
radial  temperature1  gradient,  to  an  acceptable  level.  Hie  maximum  tube 
stress  was  2(>,  300  psi. 

During  the  testing  of  the  first  set  of  regenerators  (P/N  1H2330-1  -1  and 
102320-2-1)  at  Allison,  excessive  leakage  was  experienced  on  the  re¬ 
generator  air  side.  A  posttes*  ‘xamination  of  the*  units  revealed  that  a 
number  of  core  tubes  were  ei an  ked  on  the  inner  rows  of  the  core  of  both 
units,  or1  those  rows  of  tubes  which  see  the  highest  exhaust  gas  tempera¬ 
tures  . 

On  return  of  the  test  units  to  AiPesearch.  core  leakage  tests  revealed 
that  tube  cracking  had  also  n<  currecl  in  the  third,  fourth,  and  fifth  'aside 
core  rows.  The  tube  cracks  appeared  in  the  first  dimple  at  a  location 
where  the  dimple  runs  rut  tangent  to  the  tube  OD  on  the  header  side  of  the 
dimple.  The  cracks  were  random  at  either  the  top  or  the  bottom  of  the 
tubes . 

A  dimensional  statistical  comparison  of  tube  dimples  was  made  to  com¬ 
pare  a  new  tube  (selected  at  random),  a  cracked  tube,  an  uncrackcd  tube 
removed  from  the  inner  core  rows,  and  an  uncracked  tube  removed  from 
the  outer  core  tube  rows.  The  results  of  this  comparison  were  inconclu¬ 
sive  since  all  of  the  tubes  appeared  to  be  within  new  tube  dimensions  and 
tolerances . 

Sample  tubes  taken  from  the  regenerator  corf*  were  also  sectioned  and 
examined  for  excessive  thinning  or  deterioration  at  the  dimple  areas.  No 
excessive  thinning  or  corrosion  was  detected.  I  binning  at  the  tube 
dimples  was  about  0.  0002  in.  Some  of  the  failed  tubes  examined  showed 
braze  alloy  "run-down"  mto  the  ID  of  the  tube,  and  the  alloying  penetration 
was  from  2  5%  to  50%  of  the  tube  wall.  Thickness  of  the  alloy  was  about 
0.  001  in.  This  amount  of  braze  penetration  could  reduce  parent  metal 
strength  by  as  much  as  7  5%.  Since  some  of  the  tubes  that  failed  did  not 
have  the  braze  "run-down , M  it  was  concluded  that  brazing  could  not  be  the 
total  cause  of  the  tube  failures. 

The  first  two  tube  rows  in  the  core  appeared  to  have  been  running  at  a 
much  higher  temperature  than  tin*  remainder  of  the  core.  Also,  the  first 
tube  rows  appeared  to  have  seen  some  bowing  and  buckling  that  could  have 
contributed  to  low  cycle  fatigue.  I  he  core  was,  however,  designed  to 


withstand  this  typo  of  loading.  The  individual  tube  tests  in  tension  and 
compression  conducted  during  the  design  phase  of  the  program  indicated 
that  the  tube  bundle  c  uld  withstand  all  of  the  engine  conditions  without 
failure.  Failure  could  occur  if  the  tubes  were  at  a  higher  temperature 
than  the  maximum  operating  temperatures  or'  if  the  bellows  did  not  doth  t 
properly  and  subjected  the  inner  tube  rows  to  loads  that  exceeded  tire  ie 
sign  values. 

A  review  of  tire  design  of  the  regenerator  revealed  that  both  of  these  con¬ 
ditions  could  have  existed.  The  regenerator  components  adjacent  to  the 
bellows  could  have  caused  the  bellows  to  hang  up  and  impose  an  increased 
load  into  the  inner  core  tubes.  The  proximity  of  the  first  bellows  convolu¬ 
tion  to  the  inlets  of  the  inner  row’s  of  the  core  tubes  was  such  that  a  star¬ 
vation  of  airflow  to  tiu.se  tubes  could  occur.  With  in  duced  airflow’  in 
these  tubes  the  tube*  metal  tempe*  atures  would  have  approached  the  gas 
inlet  temperature  rf  1100  K.  The  resulting  stress  discontinuity  in  lire 
core  could  result  in  failure  of  these  tubes. 

Hased  on  the  foregoing  analysis,  it  was  concluded  that  the  probable  eaustm 
of  the  inner  core  tube  failures  were  both  th«*  restricted  airflow  to  the 
inner"  core  tubers  and  an  increased  load  applied  by  lire  bellows  as  a  result 
of  the  interference  of  the  bellows  with  adjacent  components.  These  con¬ 
ditions  were  corrected  on  subsequent  configurations  by  increasing  the 
inner  core  diameter  and  moving  the  first  nellows  convolution  away  from 
the  core.  This  ensured  that  adequate  flow  was  maintained  through  the 
inner  core  tubes.  A  sufficient  clearance  was  introduced  around  tire  bel¬ 
lows  to  prevent  tire  possibility  of  interference  with  adjacent  components. 

The  stress  analysis  presented  herein  was  based  on  the  design  of  ship  set 
No.  1  specifically  and  applied  to  the  AiReseareh  Regenerator  series  de¬ 
fined  on  Outline  Drawing  122220.  Design  improvements  we**e  incorpo¬ 
rated  between  ship  sets  Net.  1  and  No.  2  atrd  again  between  No.  2  and  No. 

2.  All  of  these  changes  were  of  a  type  that  increased  structural  integrity 
except  irr  the  case  where  tire  exhaust  gas  due4  was  changed  from  a  curved 
to  a  rectangular  shapes  Since  adequate  similarity  does  exist  between 
ship  sets  1,  2,  aird  M,  it  was  deemed  noi  necessary  to  repeat  the  st  ress 
analysis  for  ship  sets  2  and  2. 

'The  second  strip  set  configuration,  identified  as  1222 20-  a- I  and  122.220  -(> 

1,  was  scheduled  to  he  run  on  tin*  engine  for  the*  nO-hr  flightworthiness 
test.  The  unit  was  designed  to  correct  the  tube  failure  problems  tar- 
countered  with  the  first  ship  set  and  was  further  designed  for  Iowa  r  pres¬ 
sure  loss.  The  revisions  incorporated  in  this  unit  are  as  foilows. 
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Upsides  the  changes  already  mentioned,  several  one-time  changes  were 
m;ule  to  these  units  that  would  not  he  included  on  the  flight  hardware. 
\ddit]onal  externa)  st  iffoners  were  used  <n  the  gas  outlet  dueling.  The 
additional  stil'lening  was  required  because  of  the  high  negative  pressure'  to 
he  imposed  during  the  simulated  JO.OuO-ft  altitude  test  run  in  the  Allison 
lahoi  atory.  This  test  point  could  impose  negative  pressure  as  high  as 
M  ps  i  and  collapse  the  duet.  The  a  Iditional  stiffeners  are  not  required  for 
Hie  t’lighi  test  »  egenerators. 


The  unit  also  included  instrumentation  bosses  and  a  removable  exhaust 
gas  bvpass  plate  required  for  lahoratorv  testing  onlv. 

IMtKSSrii!*:  \)U('\>  AM)  Kl-TI*:rTfV|-:\KSS 
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lahri  ition  of  the  first  regenerator  eont  i  gurat  ion,  a  nor 


fcrniattri*  es1  v  as  conducted  at  A  i  Uesea  reh  in  an  attempt  to  verify  die 
predicted  perfor nianee  of  the  unit  I  he  unit  tested  was  the  left-hand  unit. 
For  dusting  purposes,  a  substitute  modified  air  outlet  duct  was  tempo¬ 
rarily  welded  to  the  air  outlet  pan  The  final  ah'  outlet  duet  had  not  been 
r*  moved  from  the*  vendor  on  schedule  The  regenerator  effectiveness 
u  as  of).  7l’‘ 

A  comparison  of  the  test  results  obtained  from  this  testing  and  the*  calcu¬ 
lated  performance  revealed  a  much  higher  pressure  drop  on  both  the*  air 
and  gas  sides  >f  the  regenerator.  To  further  isolate,  the  areas  of  high 
pressure  drop  the  test  regenerator  was  extensively  instrumented. 

1  he  pressure  chap  test  data,  obtained  from  this  testing,  is  presented  in 
'Table  III  corrected  to  the  Condition  1  oi  Allison  Specification  KI)S  KX 
;  1  A  because  of  the  more  complete  inst  rumentation  used  lor  the  is<» 

Ihei  1 1 1 a  1  test,  tin*  pressure  drops  obtained  from  this  testing  are  fob  t«, 
mom*  accurately  represent  the  actual  regenerator  loss(*s. 

To  f  urther  isolate  componcmt  ora*.'  sure  Imps,  the  two  I'l'iv  hahtm  y.  »■/*• 
tested  i  independently  without  a  n  turn  pan.  The  tost  units  eonsisn-d  end. 
of  the  ore  and  the*  inlet  or  oulle*  pan.  In  each  ease,  the  flow  v  a-  nu>  .* 
dueed  into  the  pan  inlet  or  outlet.  Thus  die  flow  through  tin  s<  <  •  ; 

p.»ss  was  reversed. 

During  the  early  fabrication  phases  of  the  regent*.  exhaust  ga^-mT 

.solhermal  pressure  drop  tests  w  re  c  onducted.  Isothermal  tests  wen* 
i-onduch-d  with  the  core  only  w  ith  the  core  and  simulated  collecting  pan 
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\\  ith  ill e  ion  of  tin*  scrniid  air  core  pass,  tin  test  resiii*  showed 

dm  »  p  t •  es  s  li  i  ■ » ■  1 1 a  >  ps  w  •  •  r « *  w  1 1 1 1 .  n  1  i  >f  1 1 K 1 1  nr*  i  i  1  <  * 1 1  !  o r ■  •: !«  •  :  1 

I  la  npitr  .-Hi  pt*c  1 1  • « •  lossi'h  ol  1  alilt*  IV  show  thal  the  i  1 1 » r 

fin  1 1  '1  air  i  d  lis  :  m  d  e  pn-ssuiv  Imps  w  * 1  r  i  •  in  niiiv  c 

a  imi  a  i  lor  .  n  a  in :  i » !  c  1 1  iil-  and  dun  me. 

Masnd  on  the  detailed  pressure  loss  analysis,  thn  reeenemdor  dunum  aid 
manifolding  wm-e  m  lesi^ned  in  an  attempt  to  relieve  tin*  Imjh  pia  ss  ;r< 
drop  amas.  Modifications  were  made  to  the  air  inlet  diffuser  and  pan,  the 
air  outlet  pan  and  duet,  and  the  pis  collector  pan.  Tile  revisions  were  co¬ 
ordinated  with  Mlison  hv  the  use  of  a  wooden  moek-up  of  the  rerenerator 
■  ith  i  ns  t  al  1  at  i  oiis  o!  the  moel-  -up  on  the  engine  to  ensure  that  proper 
clearances  were  maintained  for  the  engine  installation.  impure  1*1  shows 
tile  w  ood*  n  mod.  ip  w  ith  id :  .  applied  to  the  urhioes  w  he  re  the  *  -  ha  nip  *s 
•  i  ••  i  le  TIm  r  inlet  duet  was  mo  lif;o  I  hv  i  nereas  ini»  the  air  inlet 

I  lane  >  .  ro--  dl  n>  !.  “d  in.  mol  u'poratmu  a  svm  met  rival,  straight 

d  i  ’  I  u  >  •  r  lie  i.  \  .  oneentr:  hfiusn*  i  one  was  placed  in  the  air  inlet  duet 

i  ton-  the  mr  t  turn  in  dr*  du  t.  i  he  *  ntmneo  to  t  h »  air  d  is  t  r  i  in  it  i  on  pan 

was  i  an  I  a  red  and  e  re  <  i  it  rant  turn,  le;  line!  to  r‘‘  im  *  to  son  a  ot  the 

i  ora-  tubes  Was  « d  i :  n  i  n  a  t  e  *  i .  lie  inteiuaei  section  let  -en  tin  air  outlet 
pan  and  tin  air  outlet  duct  ,v.m  enlmm<  j  and  the  air  outlet  da  1  w  a<  made 
constant,  el  im  hint  inu  the  diffu  >ion  in  that  m  i.  Tim  cross  section  of  the 
was  collector  pan  was  enl  irped  md  its  shape  ‘edesium  1. 

I’d .)  lowiiu  die  modifications  the  regenerator  was  iLjain  subjected  to  both 
.  a  1 1 1  h  e  r  r  a  a  1  a  n  1 1  !  h  .  1 1  1  r  a :  i  s  ;  e  r  pm  a  o  r  n  :  e  •  u  ■  m  1 1 1  a  a  t  \i  Im'mmi  ■  h  1  1 1  e 
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Tl u*  weights  in  Table  Yi  inrlude  two  additional  instrumentation  bossr 
unit  as  reipii  real  by  Allison.  Ihe  weight  increase  duo  lo  the  bosses  i. 
proximatelv  U.  20  11)  per  unit. 


!>»  >' 
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l^Ti’ormanrc  tests  of  these  re^onerat ors  at  Allison  i * e s 1 1 1 1 c > c  1  in  overall 
pressure  drops  that  were  higher  and  a  lower*  effort tveness  than  that  -»h 
tained  at  A  i  desea  roll.  The  Allison  test  results  are  shown  in  Table  I\  .  I 
addition,  a  number  of  eon*  tubes  on  the  inner  rore  rows  of  !)oth  reLU*nei 
atm’s  failed  during  the  testing.  Ihe  units  were  returned  to  MKesear 
for  i  a  \  est  i  i*at  i  on  and  n  *pair. 


A  system  die  investigation  v  as  initiated  in  an  atteraj)!  to  isolate  the  pro 
sure  drop  problem  areas  arc!  o»  provitle  basie  desist  data  tor  the  ;T  !os 
on  regenerator's .  Leakage  tests  were  eoiulueted  on  the  ait*  side  ni  both 
regenerators.  and  the  b  ika^e  was  excessive.  The  left-hand  unit  leakaw 
was  12  Ib/min  at  1  la  psiif.  and  t  h  ( '  ri<>ht  -  hand  unit  leakage  was  7  Ib/mii* 
1M0  [ )  s  i  Li .  The  bail  ara1  was  maitilv  in  the  area  of  the  first  two  inner  t  u  i 
rows.  An  isothermal  pressure  drop  te:  t  was  conducted  on  tin*  i  id* 
the  [’(‘general  or  in  an  attempt  to  d<  *h  Tin!  lie  the  cause  ot  the  incivasr  1  ; 
side  pressure  drop  at  M  isoii.  kin  Drrssiire  Irop  obtained  duplieat  1  M 
premsure  drop  obtained  at  Ailhaseareh  befoi'e  shipping.  indicating  lire  th< 
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Leakage1  from  Air  Side 
\ lb  /sec  at  1  30  ps  ig) 

Leakage4  from  Gas  Side 
(lb /see  at  2  psig) 

L:<  ternal 

U  eiglr 

M easured 

A  llowablo 

Measured 

A  Uowahle 

I  makage 

(III) 

P/N  182330-7-1 
( ieft  hand) 

0.  0017 

0.  00-12 

0.  0021 

0.  007 

0 

2  :> .  7  .r> 

P/N  182330-8-1 
(right  hand) 

0.  0008 

0.  00^12 

0  00  IT) 

0.  007 

n 

2-1.  7  3 

The  weights  in  Tuble  XT  include  inst  rumrntnt  ion  bosses  not  required  on 
the  flight  unit.  The  \v«  ii>ht  inere;  so  dm  to  the  bosses  is  0.  So  11)/  unit . 

\  n  old  I  i  ii“  dru  w  i  n^  show  inr  the  finol  r<  tmnerntor  eonlicurnt  i  on  i>  ineluded 
nt  tlie  bunt,  of  this  report.  rim  nstj  noted  ! !  i  *_!  1 1 1  \riuld  rr<j  ene  r  u  t  <  »r  letnil 
ut  spne  i  t'i en t  i  on  (’  »ndition  1,  mm  ns  ml  lows; 
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braze  material.  A  number  of  areas  have  been  welded  on  the  flight  4est 
regenerators  that  would  probably  be  formed  in  one  piece  with  more 
sophisticated  tooling.  The  degree  of  tooling  sophistication  is  of  course 
dependent  on  the  production  quantity. 

A  detailed  weight  analysis  was  performed  wherein  each  detail  drawing  ol 
the  flight  test  version  regenerator  was  reviewed. 

The  most  significant  weight  influences  were  challenged  first.  The  tube 
bundle  must  remain  unchanged  from  the  viewpoint  ol  performance  and 
structural  integrity.  The  total  quantity  of  tubes  is  dictated  by  perfor¬ 
mance  requirements,  and  the  use  of  0.  006- in.  wall  tubes  m  the  core  is 
dictated  by  structural  necessity. 

Similarly,  all  ;mnponents  were  reviewed.  It  was  ascertained  that  the 
weight  prediction  must  remain  at  2a.  46  lb  (maximum)  per  regenerator 
module. 


ENGINE  MODIFICATION  AND  FABRICATION 
ENGINE  CONFIGURATION 

The  T63-A-5  regenerative  engine  was  conceived  as  a  configuration  using 
a  ’  bolt  on"  type  regenerator  and  requiring  a  minimurr  of  changes  to  the 
basic  engine. 

A  standard  TG3-A-5  engine  was  converted  to  a  functional  T63-A-5A  by 
installation  of  a  compressor  bleec  system.  The  regenerators  were  de¬ 
signed  to  attach  to  the  exhaust  duc.s  by  means  of  the  same  Marmon  ciamps 
now  used  to  attach  the  aircraft  exhaust  ducts.  The  regenerator  air  inlet 
and  outlet  ducts  replaced  the  existing  air  transfer  tubes  and  used  the  same 
piston  ring  sealing  arrangement  at  the  compressor  scroll  and  the  outer 
combust'oo  i  ase  See  figure  18. 

An  .ridnmjh  <  carbine  cooling  air1  manifold  supplies  oooiing  uir  to  *he  firs t- 
s-tagf  ;io,luia  wh»‘*q.  'i  he  control  system  uses  the  same  control  and  power 
turbine  goyeruo’  »\il.n  a  revised  schedule  to  m  commodate'  the  regeneration 
engine  operating  rharaclcns*  cs. 


Eigne*’  18  shows  the  TtiM-A-f)  regenerative*  engine'  w  th  tin*  ong.uni  me  k- 
Uf)  regenerators  installed. 


EXHAUST  COLLECTOR  STRESS  ANALYSIS 


The  regent  rators  are  attached  to  the  exhaust  collector  by  means  of  JVIar- 
mon  clamps.  The  stress  produced  in  the  exhaust  duct  by  this  added 
weight  was  calculated  based  on  load  requirements  from  Specification 
MIL-E-3593.  The  maximum  design  lead  is  15  g  down,  3  g  aft,  and  a 
side  load  equal  to  1.5  g.  Since  the  axes  of  the  exhaust  ducts  are  not 
mounted  in  a  vertical  direction,  the  downward  g-force  resulting  from 
the  .weight  of  the  regenerator  unit  must  be  resolved  into  components  which 
coincide  with  or  are  perpendicular  to  the  engine  axis  as  shown  in 
Figure  lb. 

The  method  used  to  determine  if  the  possibility  of  buckling  exists  within 
the  gas  outlet  ducts  of  the  exhaust  collector  is  taken  from  the  "Handbook 
of  Structural  Stability"  by  George  Gerard.  The  results  show  that  the  ex  ¬ 
haust  collector’  ducts  will  not  fail  by  compressive  buckling  under  the  dr  - 
sign  loading  conditions  and  have  a  margin  of  safety  of  6.  14. 

In  addition  to  axial  compressive  loading,  bending  moments  about  the 
major  and  minor  axis  of  the  ellipse  are  produced  by  the  design  loads. 
These  additional  bending  moments  must  also  be  considered  in  combina¬ 
tion  with  the  axial  compressive  loads  when  calculating  the  critical  buck¬ 
ling  stress.  The  applied  stress  at  the  critical  radius  of  curvature  is  4340 
psi  at  a  section  located  3.  3  in.  below  the  end  of  the  duct.  The  critical 
buckling  stress  for  the  applied  moment  is  53,000  psi. 


Figure  19.  G- loads  Resulting  from  Weight  of  Regenerator  Unit. 


In  addition  to  the  exhaust  duct  buckling  stress,  the  stresses  in  the  load 
carrying  members  of  the  exhaust  collector  assembly  were  investigated. 
Under  a  1-g  condition  or  normal  operating  condition,  the  maximum  stress 
applied  was  7225  psi  to  the  upper  member  and  -4672  psi  to  the  lower  mem 
ber.  For  the  15-gload  condition,  the  stresses  were  79,740  and  -53,637 
psi,  respectively. 

Under  the  15-g  load  condition,  some  yielding  could  be  expected,  but  the 
stress  would  not  exceed  the  ultimate  strength  of  the  material  (105,000  psi) 
Since  a  15-g  load  condition  would  occur  only  on  an  extremely  hard  landing, 
it  was  felt  that  the  stress  levels  were  acceptable  and  no  modification  of 
the  exhaust  collector  would  L  required. 

THERMAL  GROWTH 

The  regenerator  is  mounted  directly  on  top  of  the  engine  exhaust  duct  and 
is  rigidly  attached  to  the  exhaust  duct  by  means  of  a  Marmon  clamp.  The 
growth  of  the  regenerator  relative  to  the  engine  will,  therefore,  occur 
between  the  regenerator  air  inlet  duct  and  the  compressor  scroll  and  also 
between  the  regenerator  air  outlet  duct  and  the  outer  combustion  case. 
Piston  ring  seals  on  the  regenerator  air  inlet  and  outlet  ducts  allow  rela¬ 
tive  movement  between  the  regenerator  and  the  engine. 

The  relative  growths  between  the  engine  and  the  regenerator  are  shown 
in  Figure  20. 


Figure  20.  Relative  Growths  Between  Engine  and  Regenerator. 


In  the  axial  direction,  there  is  sufficient  clearance  to  allow  for  the  rela¬ 
tive  movement  of  the  air  inlet  duct  with  respect  to  the  compressor  scroll. 
A  snap  ring  in  the  outer  combustion  case  locates  the  regenerator  a.ir  out¬ 
let  duct  and  transfers  the  air  pressure  load  to  the  outer  combustion  case. 
The  outlet  duct  is  flexible  enough  to  accommodate  the  0.  038-in.  relative 
movement.  In  the  plane  perpendicular  to  the  axis  of  the  regenerator  air 
outlet  and  air  inlet  tubes,  the  piston  ring  seals  allow  a  0.  020  to  0.  030-in. 
relative  movement  which  is  sufficient  to  accommodate  the  relative  growth 

TURBINE  COOLING  AIR 

The  addition  of  the  regenerator  requires  a  change  in  the  turbine  cooling 
air  circuit.  In  the  T63-A-5,  the  cooling  air  for  the  first- stage  turbine 
wheel  and  the  second- stage  balance  piston  is  obtained  internally  from 
secondary  air  (burner  inlet).  With  a  regenerator,  this  temperature  in¬ 
creases  from  450°  to  750°F,  which  makes  it  too  hot  for  cooling  air  use. 
The  initial  cooling  air  circuit  is  shown  in  Figure  21. 


Balance  Piston 

and  Cooling  Air  in 

from  Regenerator  Air  Inlet 

Manifold 


Figure  21.  Initial  Cooling  Air  Circuit. 


A  flange  on  the  combustion  liner,  bolted  between  the  gas  producer  and 
outer  combustion  case,  blocked  secondary  air  from  the  gas  producer 
support.  A  cooling  air  manifold  provided  an  external  supply  from  the 
regenerator  air  inlet  duct  (450°F  supply)  through  two  No.  8  hoses  for 
turbine  cooling  air  and  balance  piston  air.  The  T63-A-5  gas  producer 
support  has  four  bosses  which  were  originally  intended  for  turbine  inlet 
thermocouples.  Two  of  the  bosses  were  blanked  off  and  the  other  two 
were  used  for  dummy  thermocouples  to  position  the  first- stage  nozzle 
shield.  Two  fabricated  manifolds  were  made  to  fit  these  bosses,  with  one 
of  the  pads  on  each  manifold  incorporating  a  tube  which  would  position  the 
first- stage  nozzle  shield. 

The  test  results  of  the  first  engine  run  are  shown  in  Figure  22.  The  cool¬ 
ing  air  temperature  was  3f)0°F  higher  than  that  for  the  nonregenorative 
TG3-A- f>  engine. 

'Hie  problem  was  traced  to  excessive  leakage*  in  the'  joint  between  the 
liner  and  the  first-stage  nozzle  shield.  Since  the  two  No.  8  limns  could 
not  supply  sufficient  air,  the  pressure  in  tin*  gas  producer  support  dropped 
until  it  was  below  the  pressure  in  the  gas  path.  This  resulted  in  a  pres¬ 
sure  differential  that  allowed  flow  from  the  gas  path  into  the  turbine  (‘not¬ 
ing  air  cavity,  thus  raising  the  temperature*  of  the  turbine  cooling  air. 

Since  trying  to  reduce  the  leakage  or  increasing  tin*  external  supply  line* 
would  require  extensive  rework,  the  decision  was  made  to  supply  external 
cooling  air  directly  to  the  turbine  cooling  air  manifold  and  to  use  secondary 
air  for  the  balance  piston  air.  This  configuration  is  shown  in  Figure  23. 

because  the  balance*  piston  air  and  the  leakage'  were  supplier!  by  an  infinite* 
supply  of  secondary  air,  the*  pressure*  in  the*  turbine  cajoling  air  cavity  was 
higher  than  the  pressure  in  the  gas  path  and  provided  an  acceptable*  cool¬ 
ing  air  temperature.  The  test  results  are  shown  in  Figure  22.  Mthough 
a  coe)ling  air  temperature  90  F  higher  than  the*  nonrege*nera ti ve*  engine* 
was  acceptable  for  te\st  purpose’s,  a  production  engine*  would  sequin  addi¬ 
tional  work  to  reduce*  the*  teunperatun*.  Also,  a  780  F  balanea*  piston  air 
1  eunperature  may  reduce  the  life*  of  the*  seal  mate  rial  and  of  the  see  one ; - 
stage  wheel. 

No.  a  and  8  flexible  hoses  and  standard  AN  fittings  were  used  to  fabric  •* 
a  manifold  to  attach  the  turbine*  cooling  air  tubes  to  tl  regenerator  an 
inlet  ducts.  This  manifold  assembly  weighs  2  lb.  A  more*  sophisticated 
manifold  assembly  could  be  made*  which  would  n*eluce  the*  weight. 
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Corrected  Turbine  Cooling  Air  Temperature  (Average  of  4  Thermocouples) —  (T/  Q)  —  460 
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Seconda 

Air 


I 

t 

l 

fr 


I 


Figure  23. 


Revised  Cooling  Air  System 
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CONTROL  SYSTEM  MODIFICATION 


INTRODUCTION 

The  power  control  system  for  the  TG3-A-5A  consists  of  two  pneumatic- 
mechanical  components,  the  gas  producer  control  and  the  power  turbine 
governor.  The  gas  producer  control  is  the  fuel  metering  component  and 
provides  transient  fuel  limiting  (starting,  acceleration,  and  deceleration), 
maximum  ^as  producer  speed  limiting,  ground  idle  speed  control,  and 
mechanical  fuel  shutoff.  The  power  turbine  governor  provides  steady- 
state  rotor  speed  governing  by  modifying  the  gas  producer'  control  func¬ 
tioning  to  provide  the  engine  power  required  to  match  the  load  power. 
Figure  24  illustrates  the  interrelationship  of  the  two  control  components 
and  their  integration  into  the  system  with  the  fuel  pumo  and  fuel  nozzle. 

Figure  25  illustrates  the  limiting  functions  accomplished  by  the  gas  pro¬ 
ducer'  control.  The  control  scheduling  is  represented  in  terms  of  the 
ratio  of  fuel  flow  to  compressor  discharge  pressure  (W^/CDP),  for  this 
is  the  basis  upon  which  the  control  operates.  (CDF  r  epresents  the  con¬ 
trol  sensing  pressure,  which  is  essentially  compressor  discharge  pres¬ 
sure.) 

The  acceleration  fuel  schedule,  in  conjunction  with  a  modulated  compres¬ 
sor  bleed  schedule1,  is  selected  to  provide  rapid  transient  response  and  to 
prevent  compressor  surge  and  excessive  transient  turbine  temperature. 
Ambient  temperature  sensing  and  compensation  are  not  required  in  that 
they  arc  essentially  provided  by  the  CDP  and  bleed  control  schedule  vari¬ 
ation  with  ambient  temperature.  Ambient  pressure  compensation  is  pro¬ 
vided  by  the  CDP. 

The  addition  of  a  regenerator  results  in  a  lower  engine  requi  red-to- run 
fuel  flow,  which  will  vary  as  a  function  of  temperature  of  the  regenera¬ 
tor.  When  the  engine  is  first  accelerated  and  the  regenerator  is  ’Void," 
the  imount  of  Dial  required  to  accelerate  the  engine  at  a  given  rate  is 
higher  than  the  fuel  flow  required  when  the  regenerator  is  hot. 

The  deceleration  fuel  schedule  is  selected  to  provide  rapid  deceleration 
transient  response1  and  to  prevent  burner  flameout.  The  addition  of  a  re¬ 
generator  and  tin  associated  reduction  in  fuel  flow  require  a  much  lower 
minimum  fuel  stop  to  provide  an  acceptable  deceleration.  Since  reducing 
the  minimum  fuel  flow  stop  increases  the  possibility  of  burner  flameout, 
the  combustion  liner  must  be  optimized  to  prevent  flarneouts. 
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Figure  25.  T63  Gas  Producer  Control  Schedule 


Fur  starting,  the  fuel  flow  is  established  by  the  acceleration  schedule. 
The  addition  of  the  regenerator  again  poses  the  problem  of  obtaining  a 
sufficient  margin  between  the  engine  required-to- run  and  the  acceleration 
schedule  for  both  a  hot  and  cold  regenerator.  The  starting  portion  of 
the  acre1  er.it ion  schedule  is  the  most  ci  ical.  The  regenerator,  prior 
to  start,  can  be  at  ambient  temperature  if  the  engine  has  been  shut  down 
for  some  lime.  If  the  engin  is  restarted  immediately  after  shutdown, 
the  regenerator  temperature  will  he  as  high  as  a 00  F.  The  magnitude  ol 
tl  :  effect  of  the  change  in  requi red-to- run  fuel  flow  on  engin"  transient 
operation  is  dependent  on  the  time  constant  of  the  regenerator. 

it  was  fell  that  a  burner  inlet  temperature  (BIT)  sensor  would  be  required 
to  provide  a  efficiently  rich  fuel  schedule  for  cold  engine  starts  and 
accelerations  and  yet  prevent  surge  and  overtemperature-  during  starts 
and  transients  with  hot  regenerators  when  roquired-to-run  tucl  flows 
would  he  substantially  lower. 


mi  r  sk\soh  com  hol  system 


To  meet  program  and  delivery  requirements,  the  vendor  proposed  a  modi 
fieatiem  of  an  existing  Bondix  Mode]  ATXC-J2G  BIT  sensor  which  gave  a 
pereentag*  find  flow  reduction.  The  fuel  schedule  for  this  mode  is  do- 
fined  in  F.gure  2(> . 

The  BIT  sensor  to  accomplish  the  aforementioned  requirements  is  shown 
in  Figure  27.  The  sensor  was  mounted  on  a  special  pad  on  the  outer  com 
hustion  case  of  the  engine.  The  probe  extended  axially  into  the  outer 
combust  01  case  to  sense  burner  inlet  temperature  which  is  equivalent  to 
regenerator  air  outlet  temperature.  A  description  of  the  operation  of  the 
BIT  sensor  follows. 

\  differential  (expansion  temperature  probe,  consisting  of  a  low  rate  of 
expansion  tore  housed  in  a  stainless  steel  tube,  senses  burner  inlet  tem¬ 
perature.  Movement  of  the  core,  as  the  length  of  the  tube  changers  with 
temperature,  is  transmitted  through  an  amplifying  linkage'  to  position  the 
BIT  needle  valve.  Mow  through  the'  valve  reduces  metered  flow  to  the 
engine  by  ;  constant  percentage  for  each  BIT  area  setting.  This  is  nccom 
plished  by  the'  use'  of  a  regv1  itor  which  varies  the1  pressure  drop  across 
the1  needle  valve  as  a  function  of  inlet  fuel  flow.  The  reference  pressure 
fo r  the  regulator  is  taken  from  the  throat  of  the  venturi  located  in  the'  con¬ 
trol  inlet.  As  metered  flow  from  the  main  control  increases,  reference1 
pressure  decreases  and  a  new  force'  balance'  on  llie  valve'  is  established 
I  >\  op  aing  tlic  bypass  area.  The'  increase  in  diffi  rential  pressure  across 
the  BIT  needle  results  in  the'  increased  flow  for  the'  same  area. 

Special  effort  was  devoted  to  analysis  and  sizing  of  the  venturi  for  opera¬ 
tion  at  the  redatively  low  fuel  flows  require'd. 

In  the  initial  testing  of  the  BIT  sensor,  difficulty  was  encountered  in  hold- 

/ Wr  bypass \ 

mg  a  constant  percentage  levelLy  . — — - j  lor  a  give'n  BTI  setting. 

A  percentage  decrease  was  eneounte'red  at  I lu*  lower  flows.  This  condi¬ 
tion  was  undesirable  because  it  caused  reduced  BIT  compensation  in  the 
start  range.  'The  problem  was  ittributod  Lo  m.-uffieient  pressure  recov'C’ 
after  the*  venturi.  The  diffieion  angle'  of  the  venturi  had  beam  inerexised 
from  G°  to  21°  to  minimize'  the  package  size'. 

1  In'  flow  system  was  changed  to  plumb  the1  bypass  upstream  of  die'  \ea- 
tun.  'This  allowed  sufficient  working  pressure  for  the'  regulator,  at  the 
low  flow's,  to  provide'  essentially  a  constant  percentage1  fuel  flow  through¬ 
out  the'  range'  of  anticipated  flows  without  changir  the  design  of  the'  ven- 
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Figure  28. 


tout  ; 


engine  'i  r:srr  results 


Engine  tests  were  conducted  on  the  system  with  and  without  the  HI  1  sensor. 
Two  main  areas  in  question  in  regard  to  the  engine- control  system  were 
the  time  constant  of  the  regenerator  versus  the  BIT  sensor  time  ronslunt 
and  the  necessity  of  a  BIT  sensor. 

The  te^cs  indicated  that  the  time  constant  or  the  regenerator  was  faster 
than  that  of  the1  BIT  sensor,  and  the  engine  would  accelerate  faster  than 
the  BIT  sensor  could  respond.  The  tests  also  indicated  that  i  better  con¬ 
trol  system  could  be  obtained  without  the  BIT  sensor. 

The  basic  problems  encountered  with  the  HIT  sensor*  control  mode  were; 

O  There  was  a  lag  of  3  to  -1  seconds  on  light-off  due*  to  compensator 
bypass  valve  chatter. 

O  The  idle  governor  slope  was  very  shallow  which  resulted  in  A  \  sensi¬ 
tivity  to  required-lo-run  fuel  (low  and  caused  slow  decelerations. 

©  Overspeeds  of  up  to  2500  rpm  on  accelerations  occurred  because*  of 
the  response  rate  of  the  BIT  sensor  and  its  relationship  to  the?  re¬ 
generator  warm-up  rate. 

The  fued  control  without  the  BIT  sensor  provided  acceptable  transients 
over  the*  required  temperature*  range*  of  0°  to  10()°F  ambient  temperature*. 
The*rmal  inertia  of  Hr  regenerators  was  not  a  major  problem,  although 
decelerations  were  slower  than  Ihose*  for  an  engine*  without  regenerators. 

The  om>  problem  encountered  with  this  control  configuration  was  surge* 
during  staiting  with  hot  regenerators.  The  fuel  schedule  was  readjusted 
in  the  starting  range  to  eliminate*  the  problem.  It  was  found  that  with  tin* 
throttle  in  the  idle  position,  tin*  fuel  flow  in  tin*  2a  nun  rpm  range  was  2  to 
(>  pph  higher*  than  the  bench  setting.  Placing  the  throttle  levt  t  in  the  lj() 
position  eliminated  the  blip  in  fuel  1  nv  and  thus  the  starting  surge  with 
hot  regenerators. 

Static  bench  test  of  the*  fuel  control  could  not  substantiate  occurrence  of 

the*  blip.  It  is  believed  that  i  dynamic  lead  term  existed  in  the  control 

which  is  a  function  of  tin*  I\.  and  \}  volume  and  bleed  size.  With  tin 

v 

throttle  in  the  'JO'"  position,  the  I*  ‘system  is  closed  and  the  lead  term 
does  not  exist. 

A  detailed  investigation  of  the  blip  problem  was  not  necessary  smee  satis¬ 
factory  starts  could  be  made  with  a  hot  engine.  The  throttle  would  be 
positioned  at  M0°  until  idle  speed  was  obtained,  and  then  the  ihrottle  would 
he  retarded  to  idle. 


I  able  XII  compares  t lie  transient  operation  of  the  regenerative  engine 
without  a  HIT  sensor  with  the  TO.'i-A-aA  specification  maximum  allowable 
transient  times. 


TABLE  XII. 

TRANSIENT  OPERATION  WITHOUT  HIT  SENSOR 
COMPARED  WITH  SPEC1  EICATION  REQUIREMENTS 


T ransient 

1'iines  (sec) 

T  ra  nsient 

Regenerative  rT(5 M 

TG3-A-aA  Model 
Specification  )80- 

Decoloration  from  takeoif 
to  ground  idle  (  D 2 , 1)00  rpm) 

a.  3 

a  (maximum) 

Acceleration  from  ground 
idle  to  takeoff  power 

-1 

7 

Acceleration  from  flight  idle 
!if),000  rpm  to  takeoff  power 

3 .  r> 

8  ( nia xinium) 

Start  to  ground  idle  (hot 
regenerator) 

Hi .  0 

( 120l)cF  Maximum 
TOT) 

fi()  (maximum) 

(  1700  F  r!'()T  maxi 
mum) 

Start  to  ground  idle  (cold 
re  gone  ra  tor) 

21.0 

( 1000°K  Maximum 
TOT) 

The  following  starts  were  ni; 
speed,  and  minimum  battery 

de  with  4.  a  kva  generator  load,  (10  \ 
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:u\ 
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no 

( 187  .YF  Maximum 
TOT) 

1  DL  II  wa  v  e  -  offs 

Si  r  g e  free  with  a  in  I ) 
from  0  to  loo  !  a nu 
20 ,  unn  rpm 

ent  tempe  ratal  res 
s|)H('(|  (\n\\  n  to 

\  One  II  a  vi  ■- ol'f  con  si  st  s  of  -I  min  at  takeoff  power  a  snap  don  <•> 
i  i’i  I  i  >■.  a off  soi-eii  md  .m  immediate  sn.  nviriMiMi  . 


An  acceptable  iuel  flow  schedule  could  be  made  in  the  existing  TCS-A-'iA 

.“  vornC  '  M,?j;.v,,r“”°,'a'kin1d"  ‘f*’*1*  "  'ins  th"  «**»«»»  Power  turbine- 

v  rnm  .  Ilmuv  r  ,  on  a  production  ha  -us,  the  required  fuel  flow  sehed- 
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b  ai  ing  ,  angr.  I.vpica]  transients  obtained  prior  to  the  SO- hr  fjight- 

voi  thiness  test  are  shown  m  Fibres  2t)  through  32.  Note  that  no  insta- 
Jl  1  '  '  ‘  Ur,,,R  s!-‘"»(Jy-slate  operation  throughout  the  speed  range. 
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Figure  31.  Acceleration  from  Ground  Idle  to  Takeoff. 
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Instrumentation  for  evaluation  of  engine /regenerator  performance  ron- 
sisted  of  the  following: 
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Pinter  of  the  left  regenerator  module;  1  en  ipe  rat  u  1  t  md  r'e*Ku:e 
1  he  manifol  I  supplying  ronlinp  air  to  die  ups  In  am  si  h-  •  •!  Mo* 

1  >  1  u  r  I  >  i  11  e  wheel  (instrumentation  per  l  'Mi'T.-l)  on  inn:*,  u-s 
<  •  S  111  the  tui’bllle  r  online  dr  s  u  p  p  I  \  systell  fte  Olh.  !  UlStru 
inrlnded  standard  dniamomete!  performaiieo  indr  mn  r  ’rtinn 
.■  quiit*d  to  nitdnt  lin  sab*  enpin»  operatinp  conditions 


pro’oiem  en  »>i  inte  red  .*ar  1\  in  Mr  test  pr*  >p’‘  mi  a  a  h  »  \  p.-rf.  u-- 
•  to  generator  t  1  i >* •  ra.  kmp  ami  hipli  press; n  .Iron  on  Mi*-  .■>; 

of  M i e  ‘enumerator,  I*  1 1  e  tube  rad  up.  d  1  s *  * t i  in  f  1 1 . *  I ;  ■  - 

|)esipn  and  !■  abrir  at  ion  Set  tion  of  tl  s  rrpoi’t,  resuit.  1  jr  ,.r 
om  re  me  rator  air  outlet  to  rep*me  itm  pa  inlet.  This  mi 
s'  Inpassed  tile  turbine,  restiltinp  u  *  sipnifi*  an*  I. *p  r»  ■*  ia  *  10* 
md  increase  in  specific  fmd  *  onsumpMoii.  \ft.  r  the  *»•<  mi*; 
engine,  a  leakage  .he.  k  of  Hi**  inits  indicated  a  u.  I  1  - 1  i  >/*-♦• « 
knpe  rate  whieh  ia  suited  in  a  fiu-horsepow.  r  d<  p  1  *« *<  lation.  h 
t  ran  be  said  that  a  bmkape  of  1  ..of  “ompr*‘S^or  airflow  will 


fiH 


result  in  a  Vo  reduction  in  horsepower  and  a  A  'o  increase  in  spceifn  furl 
consumption  at  the  same  engine  turbine  outlet  temperature . 

I' hr  exhaust-side  pressure  drop  was  also  approximat ely  -  ro  higher  Hian 
antie  ipated .  A  I'o  increase  in  pressure  drop  results  in  approximately 
1.  a  A)  decrease  in  horsepower  and  1.  Vo  increase  in  specific  fuel  consump¬ 
tion.  1  able  XIII  lists  tile  performance  of  all  the  regenerator  eonfigura- 
lions  tested.  TIu;  first  ship  set  modification  consisted  of  removing  the 
first  rows  of  tubes.  Although  no  ndditiona1  tubes  cracked,  some  of  the 
ends  of  the  tubes  that  were  olugged  1  roki  off  at  the  header.  As  a  result, 
tin*  performance  data  shewn  for  the  first  set  modified  does  include  some 
leakage.  The  second  ship  set  completed  the  a()-hr  night  worthiness  test, 
and  tin'  third  set  ran  a  final  on  the  test  stand  prior  to  shipment  to  Allison 
Plant  10  for  flight  best. 

A  reduction  in  pressure  drop  and  the  associated  improvement  in  overall 
engine  efficiency  result  in  the  engine  operating  at  a  high  speed  for  the  de¬ 
sign  tempe  raturc.  Since  tin*  exhaust -side  pressure  drop  increases  with  an 
increase  in  speed,  tin*  total  pressure*  drop  will  have  to  be  compart'd  at  a 
constant  flow  factor  (\\a  \TT: / i  )  inste;  cl  of  a  *  onstant  TOT.  Based  on  the 
estimated  flow  factor  (4.4d),  the  total  pressure  drop  foi  tin*  various  con¬ 
figurations  is  listed  in  Table  XIV . 

The  cl.  ‘.crepaney  between  rig  and  engine  test  data  on  the  first  set  was  due 
to  nesting  of  the  tubes  during  rnpm*  running.  This  is  substantiated  by 
the  (Moser  agreement  obtained  on  tin*  second  set ,  which  had  a  baffle*  at  mid- 
span  to  preclude  the  possibility  of  tube  nesting.  However,  the  second  set 
of  regenerators  had  a  0.  7  A  d ise repane v  between  rig  and  engine  testing 
which  could  be  due  to  turbine  exit  swirl  angle  associated  with  engine  run¬ 
ning.  'This  is  somewhat  subst an*  iat ed  by  the  temperature  and  pressure 
profiles  shown  in  f  igures  V>  through  .47. 

\  complete  sit  of  engine  data  showing  all  performance  parameters  is  shown 
m  figures  AH  through  *14.  This  data  was  obtained  on  the  third  set  of  re¬ 
generators  and  defines  the  performance  of  the  final  regenerator  configur¬ 
ation.  The  engine  met  or  ex-  ceded  all  design  requirement  s  as  shown  in 
Table  XV. 

HKAT  K I M  ,J  J  ;c  ‘  I  [ON 

Ih  at  »*e jee t  fcon  to  the  lubricating  oil  was  significantly  higher  in  the  regen- 
erati  configuration  than  in  the  standard  engim  .  At  equivalent  gas 


TABLE  XIV. 

TOTAL  PRESSURE  DROPS  FOR  VARIOUS  CONFIGURATIONS 


Engine  T est 

Gas  Side  Total 

Rig  Test  at  AiResearch 
Total 

AP  (%) 

AP(%) 

A  P  (%) 

First  Set 

8.  7 

i  2 .  5 

10.  85 

First  Sot  Modified 

7.  3 

11.1 

— 

Second  Set 

6.  2 

n.  2 

8.  5 

Third  Set 

5.  7 

8.  7 

— 

TARLE  XV. 

RLGLNFRATIVF  FNGINF  PERFORM  ANCF 


— 

Povver  Rating 

TOT 

Horsepow 

or 

SPG 

Spec 

Test 

%  Spec 

Spec 

Test 

ro  Spec 

'1  akeoff  and 

Military 

13  80 

280 

200 

1 7.  15 

0.  56 

0.  555 

-0.  0"o 

Normal 

12  80 

23  0 

25(1 

+  7.  1 

0.  575 

0.  570 

-0.  8 6 "o 

[)()%  Normal 

1222 

2  1 5 

231 

1 7 .  4  5 

0.  587 

0.  580 

-  1 .  2  "o 

75  7/o  Normal 

1  140 

170 

100 

-t  6 .  1  5 

0.  6  l  1 

0.  61  1 

0.  Ofo 

producer  speeds,  the  regenerative  engine4  was  as  much  as  201)  BTU/min 
higher.  as  shown  in  Figure  4a.  The  main  reason  for  the  higher  heat  rejer- 
t  ion  was  the  elose  proximity  of  the  regenerators  to  the  oil  pump  and  filter 
assembly  which  is  situated  at  the  top  right-hand  side4  of  the  gearbox.  It  is 
not  anticipated  that  the  higher  heat  input  to  the  gearbox  will  pose  any  prob¬ 
lem.  'This  has  been  substantiated  bv  the  successful  completion  of  the  50- 
hr  endurance  test  of  the  regenerative  engine'. 

LX  V7 1  RON  M  ENT  TT1M  P 1 1 RATH  RES 

Although  environment  temperatures  were  measure'!  during  test  stand  run¬ 
ning.  the  values  would  hold  true  only  for  that  environment.  When  the  air¬ 
craft  is  installed  in  the  helicopter  th<  temperature  around  the  engine  will 
be  affected  bv  the  compartment  configuration  and  compartment  cooling 
eonfigurn  t  ion.  In  general,  it  can  be  said  that  the  addition  of  the  regener¬ 
ator  will  increase  tin1  air  temperature  along  the  top  of  the  engine  in  the 
area  around  the  regenerators  by  approximately  200°F.  Compartment  tem¬ 
peratures  as  measured  in  the  5  Oil  helicopter  are  discussed  in  the  flight 
test  portion  of  this  report. 


Regenerator  Air  Inlet  (Station  3) 

View  Looking  Forward 

Note:  All  temperatures  in  °F 

All  pressure  in  in.  Hg  abs 


Pressure 


Temperature 


Regenerator  Air  Outlet  (Station  3.5) 


Pressure 


Temperature 


Temperate  re 
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\ 

X 
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1)-I'  29.20  in.  Hg 

Tt2  -58.5  F 
RPR  1.0 
Nj  50,  993  rpm 


TOT  1 3  6  0  ’  F 
SUP  279 
I  Ty  758  F 
EC  55.3’,', 


N2  =  35. 094  rpm 


E. 
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Figure  35.  Temperature  and  Pressure  Profile  of  Regenerator 

Air  Inlei  and  Outlet. 
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Regenerator  Gas  Inlet  (Station  7) 
Top  View 


31.  59 


31.46 


31.21 


31.47 

Pi' ess  ure 


Temperature 


Temperature 


mo 


1090 


1195 


1125 


1125 

1110 


1  >  1 1 


1%  29.  20  in.  Hg 

1 2 

Tt  =  58.  5°F 

RPR  -1.0 
Nj  50,  993  rpm 

N2  35,  094  1  pin 


TOT  =  1360"F 
SHP  =  279 
W,  =  3.049  lb/see 

cl 

Wf  -  154  Ib/hr 

T  =  511. 6°F 
I 


P-p^  =  181.4  in.  H{> 

Tt,  863  F 

*3.  5 

178.  2  in.  Hg 

*  3.  5 

T.r  758  F 

r8 

Ps  =  29.  23  m.  Hg 


Note:  All  temperatures  in  F 

All  Pressures  in  in.  Hg  abs 


Figure  36.  Temperature  and  Pressure  Profile  of  Regenerator  Gas  Inlet 
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^uiciutive  Ent-me  Performance'  at  Sea  Level 
Standard  Day  Conditions. 
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Figure  44.  Regenerative  Engine  Performance  at  Sea  Level 

Standard  Day  Conditions. 
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I  lu.*  addition  of  a  regenerator  rlmn^'S  tin1  inlet  i  nnditions  to  tin  <  ombus- 
t  ion  liner.  Not  only  is  tin*  burner  inlet  temperature  higher  ns  n  result  of 
the  bent  input  from  tin*  re generator ,  but  also  tin  flow  (list  ribut  ion  may  be 
*  handed.  The  bash  liner  used  for  this  test  had  b«  en  developed  on  an 
earlier  re  im-h*  *  rat  i  v  •  engine  pri^ram, 

I  he  burner  out! id  tempei  atari-  (MOT)  padrrn  was  not  measured  1 1  ret  My. 
Instead,  yas  producer  turbine  outlet  temperature  (  I ' ( ^)  I  )  .v;is  measured  by 
means  of  e i <_» h t  individual  t hermorouples  and  burner  outiid  temperature 
pattern  was  estin  ab*d  by  means  of  the  following  relationship  which  was 
obtained  f*-om  previous  engine  testing: 


(v  /T  \  [Yl 

\  m;,:<  [ 


max  I  I  a  v^j  /TOT 


.  n  1  t  »).  n:i 


The  test  results  indi<  bed  a  'I'  T  f  of  1  .  lb  at  ldMo°l*  maximum  'Y(Y\ 

as  i  ompaivd  fn  1.  Ml  for  the  nonrej^eiie rat  j \ e  <  tujme,  'Mils  would  mdieate 
a  M>( )  T  pattern  >f  1  .  17  i  0.  U.d  for  the  n  •  ner.it  i  v*  •  .  -  n  o  in<  <  ompa  r»  al  to  i  .  i  1 
i  0.  bd  for  the  nonre^ene  rat  ive  •  ru»ine.  Wluh  the  1.17  vahn  is  not  as  rood 
as  that  obtained  with  the  current  Idii-A-  >  endin'*,  it  m  considered  mUis- 
faetorv  for  a  ,”>11- hr  endurance  test  and  flight  test. 


In  addition,  thermal  paint,  whndi  *  halites  »  olor  as  a  fwneMon  of  ,emper;i- 
t  u  to  ,  was  used  on  Mie  «  ombustion  iiiicr  to  .-nvir*-  brat  tie  n  were  no  hot 
spots  on  the  liner  whit  h  would  result  in  prein  ttio  failure  of  Mr  it  in  r. 
i'iiyuiaa  }(»  and  17  show  tin*  first  liner  <  onfn'urat  ion  te-d*  1.  Isothermal 
lines  have  been  drawn  on  Mie  pm<  e  to  outline  the  variou  temp*  i  itun- 
bands.  'The  final  liner  confirm  niton  did  not  have  the  fl. litre  .a  th  *01  i  but 
it  was  not  f*dt  that  the  fiance  wou  d  ffeet  the  'eiiipefiittiiv  ;>aM* rn.  I  lie 
necessity  for  the  removal  of  tin*  fl  nii>e  was  pr--vie  is !y  dire  is.^fs  m  Mns 
repnrl  . 


i:\II  \  I  SI  MV  MASS 


\t  the  s,»me  maximum  allowal)b*  turbine  outlet  temperatiin  t  h » ■  rereiiei  ■ 
alive  e  U  o  i  11  e  h.US  a  lower  horsepower  as  a  lesillt  of  'lie  ilUM'e.iSed  ni  essure 
drop  associated  with  the  ira  aerator.  This  is  not  ‘u  sa\  that  reseller 
ative  engines  will  a|wa\S  have  a  loWel  hors*  *pov.  e  I  lor  a  I'eet  die  rat  i  ve 
enable  would  he  designed  for  a  specific  application  while  meeting  all  the 
power  re-'  1*  1  i  femeitt  s.  In  this  program  a  rencner.itnr  was  add*  d  to  ;m 
exist  in r  ‘-nr me  which  resulls  in  a  power  reduction.  One  nu  1  ho*  1  of  tv- 
dueina  the  iiorsepouer  loss  would  he  to  In  pass  the  n  reiiei  atoi  when 
max  mem  horsepower  is  reqnn  n|, 


r  ,  11 

er  Te 


I  he  Sft-orid  sin;  srt  of  rug* *ne rotors  was  designed  to  allow  bypass  of  the 
■  •xhaust  si  d*  of  t  hr  rr^rmi’otiM*.  A  removable  rover  was  built  into  the 
*op  ol  tin*  r-'p'iir  rotor .  (Reference  print,  Figure  11 6,  at  tin*  back  u!  this  re 
port).  With  the  normal  gas  outlet  blanked  off  and  the  cover  removed. 

Mu*  rxhaust  t,as  rxits  the  top  and  bypasses  the*  core.  Bypassing  the 
a  os  s  1 1 J •  *  should  have  Jesuitic!  ii.  a  8%  to  4"T  reduction  mi  pressure  drop  and 
resulting  mease  se  m  maximum  horsepower. 

I'he  ir.-.f  data  was  very  disappointing.  Although  the*  sfc  was  lose  to  that 
a  *  in.  i)  on  a  nomm gene rat i ve  engine,  the  horsepower  was  no  greater  than 
’tint  oht.nm  (1  wit  ho  it  bypass,  d  he  prrssure  drop  assoc*  in  ted  with  the  by- 
-  v.  as  .  -j  ml  to  tin*  pressure  drop  of  the  gas  sub*  of  the  regenerator 
e  •  lesultin  in  no  performance  improvement.  The  test  results  indicate 
Mia*  farther  dr-ign  an  i  testing  would  be  required  to  provide*  a  satisfactory 
:  ' >a s.~>  •< >n!’i  gur;  ’  ion . 

i  acim:  wkic.iit  and  sizt: 

I'lir  design  vnght  foi*  Mie  n •  ge ne rat  i ve  engine  was  180  lb  based  on  a  re- 
g.*nerator  va  iglr  of  II  lb.  The  final  configuration  regenerator  weight  was 
fdl.  i  II).  resulting  in  an  engine*  weight  of  I  84. a  !b.  The  weight  breakdown  of 
!h<*  engine  is  shown  in  Table  Wi.  Figure  48  shows  the  basic  size  of  the? 
•name  :»a<  kai'e  and  tin*  eg  lea  atioi  . 


T  ABU-:  X\  1. 

TO-i  RHOKX'EK  \TIV 

1C  ENGINE  WEIGHT 

BREAK DOW  \ 

De 

sign  (11))  A< 

'  u;i  1  (lb) 

Basi*  ifngine  WWigld  Minus  Ai 

1*  Tubes 

18  2.  8 

18  2.  8 

1  >  [T  S« *nsor 

2.  7 

0.  0 

t  'mi  1  ing  Air  Man i fold 

1 . 0 

2 .  0 

1  lege n era  tor 

44. 0 

Ml.  2 

i\e  gi  *ne  rat  or  Inst  runnel  it  a  t  ion 

I).  8 

0.8 

Tot  a  1  1  Ulgi  He  We*  i  L*  lit  (Ins  t  I 

■U]in*nt  ed) 

1  TO.  8 

1  H  I .  H> 

M/m  11)1.  BKKT  OKM  WCK 


\  i  ompleti*  altitude  calibration  was  <  ompleteel  during  the  I  irst  portion  *  >  1’ 
he  "in- In*  test.  C’ondil  ioned  air  from  facilities  was  piped  to  the*  engine  ii 
let.  and  the  exhaust  of  tlie  engine  was  pii)e*d  to  vacuum  pumps  in  fat  Mitie 
B\  var\ing  tie*  prt  ssure  and  temperature*  of  the*  inlet  air  and  maintaining 


Ail  out 


(ias  in 


) 


\ 


T-i: 


Sized  for  90  normal  pouoi  -  1  lip,  0.  r)87  sl'<  ) 
Regenerator  coni lpur.iln mi  t ut n  shell,  sinple-pas 
folded  eross-flou  (air  in  lubes)  (2  required) 
60  7  r]v.  9.86  7  i  ital  A  P.  total  regenerator 
weialu  at).  2  lb 
Kiiiiiiu4  weight  184.  a  lb 

Knitine  a .  2 a  in.  all  and  3.  12  in.  above  side 
rearboN  mounting 


{l  WV 


Figure  48.  R.  ^('iterative  I'M  Kn^inc  Sclu-matic 


unity  mm  .a-  4in  -amin.  ,  -ltitudes  ♦  <>  2d, hum  p  nd  inlot 

.  i  ■' )  1 1 1  •  t<  d  ■  r  •  •  siuml.it*  i.  O  nipm-  perfoi  n  aim* 

I >. 1 1 i  1 1 1 1  t •  ■  i ‘  v*.  « •  f ’ *  ■  f ■  i  ■  t  ■  <  > f ■(  1 1  ■  1  frui:  i  IN*  to  mas  in  inn  iou  it. 

iuiiuno  ! )  i  ■  r  f< ) !  ■  1 1 1 . 1 1 1  f  ■  i  *  ;  i  s  dm  lisirii'  Mu-  1  -1  !  c*  >i:  1 1  iut  •  '■  d>  -  -K. 

d  !  <•  o.uoiil  1 1  *  ♦  !  ,  1 1  i  ifi'dudt-s  ()  K  r  or  portion  i'.irtoi-  n>r  4  In  smi  lard  n  i  - 
r*\  *  ’ip  •  r,'  t  iv  '-n  'in  .  I  1  d  s  '  K  'drior  w  i  s  « >1  >t .  i  i  i ,  t  m  I  ♦•m  irie.div  by  moans 

o’-  m  -  vt»  n  duo  .  1 1 1  i  t  ud »  o.dil)*  *  t  i  >n  oi  nine  f » i  * » n  i  irtion  oiioim-s. 

i-  t  *•  *  .,nd  <  IimiI  1 1  *  *d  data  imi!'V'>  is  ineludod  in  tin-  Ap- 

i  i  ’ !  .  'it.  I -'or  -  ot  -.-ni.  nr.  (  i  j  ]  <  >f  tho  d.  «1  a  is  t  ,»hu  I  .it  od  in 

I  '  \  If  oid  \\d!d  i  j.  Will  co  :  > . .  r  *  *  s  (ho  ostim.itod  and  tin-  tost 

1  Mt1  I  ih||C‘l'\  d  in  I >n sir  online  per  Torn  mnri  !>- 

*  -u;  .  n  *  t1-  t.  •  1  v.  i  y  olosoiv  with  tin*  r.drul.ilt  i  data.  Ilm* 

*  ”  n  ■  i  t‘i  to  n  above  tli.il  ostim.itod,  nnd  spooirio  fuo|  coii- 

t !  mi  .  1 1.  '  ho  |  «)v,  to  2  ’  above  t  i.ii  ,  •  st  i  it. at  od  . 

‘  •  i  n  it  *  O  Oud*'  rOd  ).  tiio  tost  d  ttii  indicated  that  at  die  lower 

• » •  r  mi's  tin  in’.  :  t'  linointiitv  had  a  ^road  y  effort  <>n  sfr  than  has 
i "  •  '  .  ho  a  n  i  :  i  tin  ■  ii'Jinv:  on*  mat  i  w  *  »ni»  inn.  At  I  dO°K  inlot  tom  poratu  n  • , 
in-  d‘o  w  i.  d  7  •  r •  u*  i  Ih.iii  th  d  ostimatod.  ddiis  porfoniuiK  **  denrada- 

*i  i  o.imnd  !;•■  .tiribuiod  solely  to  tho  re o( -nerator ,  sinoo  tho  pressure 

a  v,  os  j.  •  1  d  <  stin  at  oil  and  should  have  improved  sir.  Only  a 

3  •  t  *  nr  v  .  •  ;  ,*  r.d  *  Moines  would  dotermiiio  tin-  propel  "K"  eor- 

i  pn  r •  1  ■  •  '■  •  *no  rat i Ve  engine. 


COMPARISON  AT  DESIGN  POINT 


■SO- HOUR  FLIGIITW  ORTHINESS  TEST 

A  50  hr  endurance  test  was  run  on  the  250- E3  regenerative  engine  to  de¬ 
termine  its  flightworthinoss  prior  to  installation  in  a  modified  YOH-6A 
helicopter  for  flight  testing  at  Allison  Plant  10.  The  test  was  conducted 
in  accordance  with  MIL- E- 8597,  dated  8  February  1949,  with  the  excep¬ 
tion  that  during  the  first  2  5  hr,  the  steady- state  running  was  replaced  by 
a  series  of  altitude  calibrations.  The  altitude  performance  data  is  dis¬ 
cussed  in  the  latter  part  of  the  preceding  section  of  this  report  entitled 
Regenerative  Engine  Performance.  The  basic  test  schedule  consisted  of 
eight  6- hr  cycles  plus  2  hr  at  ram  conditions.  This  6- hr  cycle  consisted 
of  the  following  increments. 

1 .  Normal  Rated  Power 
Two  hr  at  1  280°E 

2.  Takeoff  Power 

Forty  min  of  alternate  5-min  periods  at  1380°F  and  flight  idle 

3 .  Power  Tran sients 

1  nirty  min  of  power  transients  consisting  of  six  cycles  from 
flight  idle  to  takeoff  power  (!380°F) 

O  4-1/2  min  at  flight  idle 
e  30  s-c  at  1  3 80° F 

4.  90°o  Normal  Rated  Power 
Forty  min  at  1  222°h 

5.  Military  Rated  Power 
Thirty  min  at  1380°F 

f>.  75  Y  Normal  Rated  Power 

Thirty  min  at  1  1  40°F 
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i.  Incremental  Power 

Ten  min  rarli  at  20,  20,  O').  fiO.  00,  TO.  and  2»0?  power 

rI  hr  Model  2f)()-IvO  reyeneralive  engine  satisfactorily  completed  (ha  .70-1 
rl ight  worthiness  lest  in  excellent  condition.  Pio'I’ormaiKo  of  tilt*  ro^Mioi 
live  (oi  »im*  at  sea  level  conditions  exceeded  the  estimated  pcrl'ormane* • 
throughout  4!k  power  rang*  .  At  i320°F  TOT.  the  horsepower  was  I  of, 
and  sfr  was  00,  1  of  specification  limits. 

Kugnie  performance  d(*preciat  ion  at  7a  A  normal  rating  was  2.  !  ”  in  ■« 
power  and  l.d'oinsfr.  \t  takeoff  eondil  ions,  a  loss  of  n.  a  A  in  !.mw< 
power  with  little  or  no  '  hange  in  sfc  was  noted .  Phis  depree tarn  a t 
within  the'  allowable'  limit  of  7  a  T'  depreciation. 

I  he  regenerators  w  ere  pressure  diet  la  1  ,  a  ior  to  and  ipoi  *  . 

the  1  *  s  t .  \o  leakagi  was  noted,  thus  indn  dirm  that  the  nr*  1 
‘.eiv  mta  1  and  not  *  r;n  k<  d.  Visual  insp*  *i  a  i  oi  the  nm«  in  n>: 

.  1  i  till  •  ,viot  buildup  on  the  air  tubes. 

1  In-  only  problem  occurring  during  4h»*  n  •  was  an  intermittent  i  mitru. 
in  nlulity.  The  cause  could  not  be  d<  n  rmmed  durum  tin  mm.  Ok  an  i. 
n  -1  alter  completion  of  the  test  also  <ic  i  e  r-'veal  ati\  d<  fa  mu  ms.  1  i, 
I  robli  in  was  not  considered  senior -  . 

Hie  teardow’ii  mspet  t  ion  did  not  i  «‘\*  .  1 1 \  st  nous  disen  paw  n  -  and  I 

■His  were  in  exec  1  lent  t  ond d  ion .  *  i  , ,  ,  pa r t s  e haug»*s  made  to  t  In  , 

_m  ■  prior  to  flighi  test  were  as  lol  >  • 

!  .  1’lte  nisi  runieiitr(i  r\l  ;•  o1, 1 1 m  t or  w  as  re pla»  *  I . 

2  .  Tin*  f i  i  s t  -  s t a g e  t  u r b i i a  -  •  ♦  1  was  replaced  .is  . ■  pi  onuti, 

me  a  s  i  n  ■  e  l  )e  e  a  *  i  s  e  1 1  it »  m  i1!!::'  :  1 1  •  t  »•  i  n  pe  r  a  t  u  r  •  •  >  f  *  he  r  •  ■ 

» amine  was  “u  I  IwO4*  r  t  . r  do  standard  <  i m i 1 1 •  . 

T I  a  f  1 1  st  and  !  <  a  1 1  1  1  •  *  «  :  a  ■  p  I  a  r  i  !  w  :  f  (i  re;  <  i  i  s*  *e 

b  1  i  e  m  from  e  i  m  i  n  e  •  i  e  i  n  n  ,  \ . 

\  complete  record  follows  of  tin  mi-lir  mm  w  hr  !i  ists  Ml  tin  stops 
made  during  the  test.  Tin  test  a;is  staideii  on  27  .)  ma.iry  1  ' 1 1 * 7  ms 
i  d i  -t  ed  t  > 1 1  17  P’cbr  a.  u*\  !  '  *fj  7  . 


! ' n in<  • 


St  < )  j )  I  L  1 1  t  ‘  I'J  U  1 11 IM  lb 

No.  (  1  ! '  f » 7 )  (hr) 


'1  o  * .  d 


Komar! 


2  7  ,).mii;i  r\ 


1  o:-.  :b)  January  dm 


I  ).■  amod  ami  flaMmo  o  and  o  I  svs- 
to  m .  I  1 1 1  *  • . i  Sink  ’A  ii  !i  Mil-1.- 
2'M '(|l>  oil — u'lidoi’  VV,  K.  t  ir  r  « • , 

If  deo  Div  (Lot  No.  1  1L  Oil 
samples  *;ik»  n  l' •  • m ! < •  I  K  \  !'.  Mil- 
I  -  O  1  fi  1  !•  fm  I  us,  1  1).:  :  1  H  V  of 

1  MM  I LIT  ;  11).  Ins'  ’  H :t 1 1. m  ;nni 
l u *( *  k o w t  of  1  * h  i  -  A  -  »  '  i  •  *  n  l; i  m » ■ 
eomplet  oil . 

Normal  start  at  1 1 ) 7 u ° I*  I  OT  us  ini; 
maximum  start  or  volt  » a*  •  of  1  1. 
Indicator  li^ln  noted  for  n  M^m-tir 
drain  pi  1114  in  st  avenge  oil  lino  — 
continued  run.  Lost  fin —  outrol 
appears  to  hnvo  lit  tie  or  no  idlo 
band.  Sot  stop  on  4.1s  produeor 
Spo r r y  lo\o r  to  mark  SO  •too  rp  u 
N  j  spood  —  appears  }<>  ho  So*  a  a,  t  > [ 

1  llo  band.  Komn\  *  1  man  ■  t  • 
plu^;  found  sma  1 1  h.»  1  Ida*  1  r  1  - 
olos — o  t  *  ’ : .  *  d  iii  1  1  •  m  tali 
L'ngino  was  dry. 

Normal  sJ  irt  at  'h>()c|*  1()T  1.01:1;; 

maximum  starter  voltage.  Nj 
speed  '.<2, 'Ml  I’pin  at  ground  idle; 
main  oil  pressure  LM)  psi/4;  oil 
fiou  LL  Mi  lb  /m  in.  L I  a  <  1 

bb  ed  operation,  tiler  1  valve  opener 
and  closed  at  -Id,  7d!i  rpm  Nj  speed 
Note  high  AliM  ase  pressure  — 
set  now  l  mi  it  of  l  a  m.  1 1  a O.  Max¬ 
imum  obtainable  TOT  LLDT  ; 

A  (in*  ease  pressure  Id  in.  1  1  a  (  ). 
Shutdown  No.  ID),  lnspc<  ted 
breather  vnt  hos< —  condition  i*nod 


*  A  01  eS  so."  V  yea  r box 


Kngine  Kngine 

Time  Tinifj 

Stop  Date  Knduranee  Total 

No.  (1087)  (hr)  (hr) 


Remarks 


replaced  with  18-in.  long  No.  12 
hose.  Determined  control  was  set 
up  to  sense  l*  pressure  at  outer 
combustor  <  ase  and  not  at  scroll. 


0:01) 


1  Ofi 


0:00 


1  07 


O  ;  0  0 


8  Kebrua i  \ 


55:00  Nonn;il  start  at  1050°!**  TOT. 

Slow  ;i(T(‘lcr;itioii  to  maximum 
TOT  1  3 50°F .  Shut  down  to  adjust 
maximum  fuel  stop  on  control. 
Increased  stop  one  full  turn 
counterclockwise.  Removed  short 
breather  hose  and  hooked  up  per 
standard  practice. 

55:40  Completed  preliminary  engine* 

checkout;  engine  operation  satis¬ 
factory,  condition  good.  Slight 
turbine  scrape  noted  on  coasldown. 
Reset  oil  temperature  from  1(10° 
to  200°F. 

57:87  Scheduled  shutdown.  Completed 

baseline  performance  ralibration 
on  nonregenerat  i  ve  configuration. 
Slight  turbine  scrape  noted  on 
roastdown.  Removed  magnetic 
drain  plug  from  oil- out  line  and 
found  few  powder-like  particles. 
Noted  slight  oil  leak  at  fuel  pump 
pad.  Drained  00  ml  of  oil  from 
breather  vent  bottle'  aftei  2  hi' 

52  min  of  operation.  Removed 
engine'  from  stand  for  conver¬ 
sion  to  250- F8  configuration. 


1  08 


0:00 


Kngife  converted  to  regenerative 
configurat  ion.  Oil  system  fl  us  lied  ; 
new  oil  addi-d;  samples  graded  K 


58:0  1 


Knginc  Kngmr 

Time  Timt: 

Sto|)  D  ili*  1  aiduram  e  Total 

No.  ( 1  1  Mi 7 )  (hr)  (hr)  lu»m;  rks 

<v  H.  Motored  engine;  filled  oil 
t ; i n k  t o  lfj-in.  level.  Max  TO  I  at 
fireup  l()la°I*\  Shut  down  to  in¬ 
sport  engine:  condition  gool;  op¬ 
eration  normal  except  for  1  )u  oil 
inlet  pressure. 

1  0ft  ();()()  .>8:2  1  Normal  firriip  at  TOT  f > d  T> ° l . 

Noted  oil  leak  at  supply  tank  filler 
cap.  Shut  down  to  tighten  cap; 
smooth  eoastdown;  engine  opera¬ 
tion  normal  and  condition  good. 


I  1  0  0  ;()() 


t >  February 

0:00 


112  o :  oo 

1  !  0  oo)o 


02:2a  Scheduled  shutdown.  Completed 
preliminary  (  heckout  of  engine, 
transients  and  pro- endurance  cali¬ 
bration.  Kngine  performance  sat¬ 
isfactory;  operation  normal  and 
coiul it  ion  good . 


(12:18  Normal  fireup.  Dynamics  equip- 
ment  set  up  to  record  steady- state 
and  transient  data.  Shut  down  due 
to  ACM  magnet  a  light  indication 
at  bottom  dram  plug.  Inspected 
plug;  noted  fu //,  cleaned  and  rein¬ 
stalled. 

(>  '> : o ( »  Scheduled  shutdown.  Completed 

stead\  -  state  and  transient  running. 
Kugine  operation  normal;  condition 
good.  Dynamics  personnel  setting 
up  to  ivr  >rd  st a  rt  data. 

h  >:l  1  Se  lr  ‘(iu  led  s  lint  down.  Completing 
staid  requirement  s  for  Dynamics 
data  r  e  e  o  r  d i n  g . 


m; 


Stop  Dab' 

No.  (](H,7) 

1  14 

start  requirements  for  I  )y n; 1 1 1 1 
data  record in Knmdn*  operat  on 
iu',,i)i;il1  condition  ^ood.  Setting 
up  for  regenerator  bypass  per'or- 
man<<  i  al  ihrat  ion.  Two  cap 
s<  is  us  broke  off  who:;  ivimovju; 
bvpass  cover.  Installation  com- 
pl  et  •  • . 


Knmine 

Kngim  ■ 

Time 

Time 

Kndurance 

Total 

(hr) 

(In) 

l{ema  r 

():()() 

(id:  Id 

Sr  hrduhs 

1  shutdown. 

i  la  1  :'2'2  (i(i  On  endurum  e.  Completed  ealibra- 

t  ion  wnh  regenerators  b\  passed. 
Kn^inc  very  slow  to  accelerate; 

1.  1  do  min  to  ground  idle.  Ma^- 
aetit  dram  pi wm  lit^lit  indication  in 
oi  .  Ve’l^e  oil  line.  Continued  mil, 
Shut  down  to  in  spin  t  online  and 
re  i_s  me  ra  to  rs  — con* I  it  ion  mood . 
Converting  stand  and  engine  for 
remunerative  operation.  '-Irokeii 
cap  screws  on  ri^ht-hand  r-’meiier- 
ator  no4  removed.  Installed  re-rir 
fo is  *  iiieiit  platen.  Ke pa  i  red  and 
checked  1  list  1  I  metlt  at  loi  l  .  Set  up 
to  run  at  -  4  .~>°K  inlet.  I  )ci  i  lied  I  no 
m I  of  oi I  f is )in  \(  I H  vei  bot  1 1» ■ . 


i  i  t; 


tain  -  a  a cl'  inlet.  (  dun  p  le  t  ed  -  1  2°  !•' 
inlet  i  a  1 1 bra t  ion .  I  lx pe r  ie  n»  ed 
ino.iii  id  a  r  y  con  t  ro  i  n  - *  a  b  l  i  i 4  v . 
Smooth  roasldoun;  urine  condition 
rood. 


d.  I,,el)ru.i r\ 


h  e  d  1 1 1  •  1  s  1 1  1 1  d  o  n . 

1  dCI-  in.it 


(  ‘  0 1 1 1  p  i .  '  I  d 


!  i  b  r  a  ‘  :  o  n  a  * 


Kngine  Kngine 

Time  Time 

Stop  Date  Kndurann  Total 

No.  (1067)  (in* **)  (hr)  Remarks 

No  abnormalities  noted  during  run. 
Converting  stand  and  engine  for 
0000-ft  ealibration  at  *t95°K  inlet. 

1  1 H  » : 4 S  75:22  Completed  6000-ft  c  alibration. 

While  operating  at  a  stabilized 
TOT  of  1285°F,  experienced  gover¬ 
nor  instability.  A  step  increase 

in  Nj,  N 9 j  hp,  and  TOT  was  noted. 
Smooth  eoastdown;  engine  di  y. 
Serviced  G P*  and  PT+*  Sperry 
actuators.  Setting  up  to  run  sea 
level  ealibration  at  -2  5°K  inlet. 

0  February 

110  10:05  75:52  Normal  fireup  at  maximum  TOO 

of  06()°F.  Conducted  20  min  run 
while  facilities  cooled  down  to 
prevent  ic  ing.  Kngine  condition 
good;  operation  normal. 

120  11:20  77:2  1  Scheduled  shutdown.  Comple*.  *d 

sea  level  c  alibration  at  -2  5°K  ini  »t. 
Magnetic*  drain  plug  indie  ation  at 
sc*avenge  oil  line;  continued  run. 
Bh’ed  valve  inoperative  due  to 
freezing.  Setting  up  to  conduct 
20.  (UM)-ft  ca  1  ihrat  mu.  Cheeked 
insi  rune mt  at  ton  and  repaired  as 
required. 

12  1  1  1 : 4 f >  77:11  Shutdown  due  to  loss  of  vibration 

indication  at  compressor.  Inspec¬ 
ted  pic  klip;  checked  OK.  engine  dr\ 


*Gas  producer 

**lJowrr  turbine 


s  1  ( ) j ) 

No. 


r.ngim  * 
Time 

Date  !  uuiuran. 
(I  !U57)  (hr) 


1  :  ;7  1 


fngmg 
I  nm: 
Kota! 
(hr) 

7  M ;  a  •' 


Ri'mirks 

Normal  fireup.  Compressor  vi¬ 
bration  pirkup  operation  normal. 
Magnetic  dr  kp  plug  indication 
at  scavngc  oil  lint*;  continued  run. 
Completed  2[),  ()()()  —  fl  calibration. 
Found  fuzz  on  mag  plug;  cleaned 
and  reinstalled.  Set  up  to  'conduct 
ft  * ■  a li  brat  ion. 


1  .);()(> 


81:1  1  Scheduled  shutdown.  Completed 
10,  UUO-ft  (  alibration.  No  ab¬ 
normalities  noted  during  run  ex- 
t  cut  magnetic  drain  plug  inuira- 
t  ion  at  si  n\<*nge  oil  line;  cleaned 
olffuzv  and  reinstalled.  Kngme 
condition  good.  Set  up  to  <  ondn<  t 
post  altitude  calibration. 


1  0  Februa rv 


1  :M  1  (i :()()  8d;li»  Shutdown  due  to  facilities  beinr 

unnbh  to  stabilize  at  desired  n.»  * 
cond  it  ions  .  Kngme  operation 
norma  1 ;  enndit  ion  good. 

Ida  18:dd  IM  :♦}  l  Scheduled  shutdown.  CcmpieU  •! 

postaltitude  ea I  ibrat  ion.  Mag  plug 
light  tor  scavenge  oil  hue;  d»'ti>r- 
n uned  plug  de  17 *»  1 1 v* ■ ,  repla<  « -d 
same.  Kngine  condition  good, 
hugiiie  a. nl  stand  changes  mam  i 
reij  i  na  •<  1  '’or  <  *nd u rati«  i  s ■  1  nd  uh  . 

Idti  1  (hi  ;0 1  Si  lied  nl*  i  shutdown.  Competed 

first  c  v*.  le  of  ’aki'of!'  and  pnwa  r 
iransients  oihm  >t  mil,  Kngin*  i  nn- 
dition  good.  (Inwrini  in.  t.itulitv 
experienced  during  .-Je*ur  -  g; 
ope  rat  ion .  M  1  uat  .  1  anti  \ 


Kinjim  * 

'I  mu' 

St'jp  Date  Kndurane e 

No.  (  ]  Hf> 7 )  (hr) 


linkin' 

Tniit 

Total 

(hr) 


Kmiark.s 


v;i  I  v«  •  a  r<  •<  }•  u  rod  b\  r  mm  : n 14 
ho  lul«*.  Max  liiium  TOT  durinr 
an1  i-  iff  oj)f  rat  ion —  1  1  1  0°K. 

1‘JT  2  <):><)  H7 : 1  1  Normal  fire  up.  Completed  s«  *  ond 

*  yc  If.  No  a  l )  norma  1 1  a  noted 
du rin i;  run.  I  ns  pci  led  engine  and 
re Ljenerat or s;  condition  aood. 

1  2 H  22  ;  1  7  O'1: ;•;(»  Scheduled  >  hut  down.  Com  pie ?e d 

third  and  fourth  eyries.  At  dialed 
an'i-ire  Vwlve  a.-,  ie<|uiivd.  I  - 
})•  rienred  instability;  engine  sud 
i»  'ills  ae  ee  le  rat  ed;  repum  s  t  rim  - 
n  n^.  Karine  drv.  Drained  1  7i> 
ml  of  oi!  from  A(  ID  hr*  athe r  ant 
hot  tb • . 


1  2  February 


12  0 


1  al) 


)  <i 


.1(1 


f  M ) : .  >  0  Shutdown  Nn.  1  2  ( 1 .  (ionsjv-'fd  r.im 

power  run.  Oj  ei  it  ion  unsteady  on 
governor  du i  inr  r;n::  Nj  inn  eased 
Tati  rpm.  TOT  inerease<l  f>0°l*\  and 
TMOP  u  ant  up  l  a  ps  i .  Instabi  1 r  \ 
>nt  inu«  < 1  t  hro  uphold  run.  i  lea  v\ 
smoke  from  brea’her  vnt  bottle. 
Drained  d)  ml  of  oil  IVom  bottle. 

/  ( i  M  «  a  s  i  p  i  a  •  s  s  u  r  e  v  a  s  11.)  in. 
ICO.  Cheeked  all  lines,  jets.  ete.  , 
m  control  and  governor;  a p})ea red 
O.  K . 

‘ 1 C  :  1  n  St  died  ded  shutdown.  Kxperieni  ed 
instability;  eontimied  run.  Noted 
air  bubbles  in  si^ht  las s  of  oi 


*Tn r< | ue met e r  oil  press  ire 


1  on 


4 


Kn  Lrin»  ■ 

1  ‘  n  14 1 1 . ' 

1  lint* 

I  i  iii1 

ndurair  »• 

Tot;  1 

(hr) 

(f  *•  ) 

Kuinn  1 

’.ink  | ) i •  o >; i m  a  !r]y  cvcrv  ]  a  nr  2n 

i  Kn^r  •  ■  nil  pressure  normal. 

’  !i  •  istdown;  and  ri 

•  •  1  A '  < >nd  i 1  < )n  rood .  A c Jc! « *  I 

’ !  lto'  nk ;  d  :  a inod  2 2 0 

. i  '  •  !  i  mi.  « *at  In  •  r  vrnt 

*M  In  i  !)CY  arrl  ro¬ 
ta  .  r  i *  ■  i'inin,'  valw  in  an 

all  !;,;>*  ’  ■  .  :  ;iriv*  U  a!  )1 1  i  1 , 


-  In 

•«;  1:.  ; 

t .  . '  i  (>.*.!  l ,  ( 

‘nm  plr  t  r 

S 1  1 

■lid  r  h 

:  . <  i  *  .  Si : 

mnt  h 

.  1 

’MnV.  1.  . 

1  m  ali!;  »r  f !  1  a 

It  lr  not 

1  a  r . 

r  1  m  1  , 1 1 . 

1  h  n  1  n  \  •  ; 

dummy 

r  .  .1 

il>  •  Ih-. 

k  .a  .  \  «  aid 

in.-’  .  a  m 

• 

IK  A’  . 

."'t  U 

■d  .  1 

!.  ■  :  v.n.  ( 

Amp!  (  t « • 

•  hi  r 

1  , 

a  •  ran  t 1 

us  !  hi 

n  ■  !  : 

.  1 

•  i  '  > r  u*.  •  •  1  • .  1 

v*.  nr  ‘  i  • 

i  i  s  1  a  I  j  1 1  P  • 


\ 1  >l‘i : . . ;  1  •  •  f  .  ■  [rim  1  ny 

•  Ml**  *  :i.V  a  hi  i  .  *  a  .  ‘  .  \{, 

r : .  ;  h<  '  '  ■ .  :  , : .  ‘  <  .  \  -  n  M  mu 

■  \  . 

S(  :i»-i  j  .  •  1  a  n  i M«  'v.  :  \!  .> ni  . 

a<  •  '  •  -  •  % !  1 : n t •  ran  *• 

r  r  •!  i <  - 1 


•  In* 


Mi. 


r 


Engine 

Time 

Stop  Date  Endurance 

No.  (1967)  (hr) 


Engine 
T  ime 
Total 

(hr)  lie  marks 


Experienced  instability  after  ap¬ 
proximately  3  hr  of  operation. 
Completed  endurance  require¬ 
ments.  Removed  mag  plug; 
noted  black  fuzz;  cleaned  and  re¬ 
installed.  Dra;  aed  220  ml  of  oil 
from  breather  vent  bottle.  Set  up 
for  postendurnnee  performance 
calibration. 


13a  a():33  121:13  Scheduled  shutdown.  Completed 

pos  tend  urn  nee  calibration.  Con¬ 
trol  instability  required  completing 
run  on  gas  producer  governing. 
Smooth  eoastdown;  engine  and  re¬ 
generators  condition  good.  Added 
1740  ml  of  oil  to  supply  tank.  Fuel 
and  ci)  samples  taken  for  analysis. 
Oil  consumption  rate-  0.017  gal/hr. 


rur.ii  i  rrsT 
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1  *  i  *  *  original  contract  S[  xh:  i  fi  <  ‘d  tliiit  the  flight  test  be  ronducled  in  a  Kell 
I  I  i  -  1  a  h*  h  iei  )|)t » *r.  Howm/mn  a  better  flight  evaluation  rould  be  mnd<  in 
tii*  YOI|-ii\  helicopter  sine*  the  compartment  temperature  would  hi*  more 
i*‘  m  1  i  st  ie  and  I’otpjiarablr  test  d.at.a  without  a  regenerator  would  be  avail¬ 
able.  'The  eontr.u't  was  .miendt  d  to  include*  the  modification  of  a  YOH-fiA 
to  permit  lh*  insi  dlatior  of  a  regenerative  engine.  A  YOH-fiA  (Aircraft 
s/.\  ^ i  1? -  1 L. !  0  was  flown  com  Port  Knox,  Kentucky,  to  the  Allison  flight 
test  ham  ai*  (Plan  1  o)  for  inculi fioation*  The  modification  consists  of 
el  aeiiic  a  dorUu  in  the  horizontal  rib  above  the  clamshell  doors  and 
modifying  t f i< •  (Anns!  .-11  doors  and  sheet  metal  to  provide  a  "bubble"  on 
either  sid»-  oft!.  mvraft  to  iiccommodate  tin*  increased  online  width  in 
the  vieinit;  of  t h <  rejmneratoi  . 

since  die  hori/.ont a !  rib  is  a  main  I oad-cur rvi n^  member,  a  comprehensive 
tress  analysis  was  made  of  the  modified  area,  for  the  stress  analysis 
of  tile  huia/ont  i!  nil  t  the  maximum  loading  conditions  were  obtained  from 
I  Inches.  fii* ‘Si ■  loads  are  show  t  in  Impure  4(|. 

Kased  on  tile  loads,  a  stress  analysis  was  made4  of  the  new  rib.  The*  basic 
design  philosophy  was  aime  1  at  providing  a  rib  that  had  the  same  stress 
level  md  stiffness.  It  is  necessary  to  have  the  same  stiffness  to  ensure 
that  the  distribution  of  tin  loads  throughout  the  aft  section  of  the  aircraft 
is  not  changed  appi  cciabiy .  The  basic  geometry  of  the  new  rib  is  a  U - 
channel  with  ri\a*ted  return  anr  es  as  required  to  provide'  the  proper  stiff¬ 
ness  . 

In  the  area  to  In*  mndiimd,  tin*  loads  are  compressive  in  the  forw  ard  di  - 
reetion  with  a  reaction  shear  flow  alon^  the  skim  I’he  critical  stress  in 
the  rib  will  l.e  a  buckling  stress  in  the  lens  of  tin*  channel  as  a  result  of 
the  moment  induce  1  by  the  do^-lee "  in  the  rib. 

Initially  tin*  rib  was  to  be*  made  from  the'  same  material  as  tin*  original  rib 
(AMS  -PM1  titaniun  alloy).  I  fimmer-  forming  the  titanium  was  found  to  be 
very  difficult.  As  a  result  of  the  forming  problems,  the  rib  was  mad" 
iVi'in  Inco  7  1k.  material  ( A  ?\  1 S  -  A  A !  ‘  f  > ) . 

I  hiring  modification  of  the  YOII-fiA,  it  was  necessary  to  support  tin*  tail 
boom  after  the  horizontal  rib  had  been  removed.  Prior  to  modifiea1  inn, 
tlu*  helicopter  was  leveled  and  alignment  stations  on  tin*  aircraft  were 
located  with  a  transit.  The  tail  boom  was  then  removed  and  the  ship  was 
supported  as  shown  in  PiLUire  aO.  Pi^uivs  f>  1  and  7)2  show  tlu*  modification 
at  various  stages  of  eompleti  on. 
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Figure  52.  YOH-6A  Modification  in  Process. 

No  unforeseen  problems  were  encountered  during  the  modification.  On 
completion  of  Mu*  modification,  the  tail  boom  was  reinstalled  and  the  align 
incut  point  on  the  end  of  the  horizontal  stabilizer  u  as  only  0.  1)0  in.  from 
its  original  position,  which  is  well  within  leveling  accuracy. 

The  exhaust  extensions  for  the  regonerat ice  engine  incorporate  a  transi¬ 
tion  from  a  rectangular  to  a  circular  cross -'met  ion  0  ;n.  in  diameter. 

The  0- in. -diameter  pipe  extends  straight  back  through  the  clamshell  doors. 
This  configuration  will  minimize  the  pressure  drop  in  the  exhaust  exten¬ 
sion.  From  the  tail -on"  position,  the  exhaust  area  will  he*  100  in.~ 

Tin*  centerline  distance*  between  tin*  two  8- in. -d iameter  pipes  will  In*  17  in. 

The  drawings  that  outline*  the  proposed  modifications  an-  as  foil*  as: 

Q  KX -88200  .Modi i  ications  — Kib  Installation 
OI 1  -  ()  A  1  le  1  i  copte  r 
2T)0-K2  Fngine  Installation 


©  EX-8820  1  IY1  edification— Access  Door 
Oil  - (i  A  Helicopter 
250 -E3  Engine  Installation 

0  EX -88202  Tail  Pipe  Assembly 
OH -fi A  Helicopter 
250 -E3  Engine  Installation 

O  EX-88203  Loft  Lines 

OI1-GA  Helicopter  Fuselage 

Modificatio  i  for  250-E3  Engine  Installation 

The  completed  installation  is  shown  in  Figures  53  through  50.  \  weight 

and  balance  check  obtained  after  completion  of  the  fabrication  is  as  fol¬ 
lows: 

Weight  ( Hi) 


Empty  weight  without  modification  1057 

Instrumentation  3  72 

Kegene rat  ors  50 

Modification  in  ana  raft  28 

Pilot  and  copilot  330 

Maximum  fucd  load  42  1 


'Total  weigh’  225(1 


A  weight  of  2200  lb  ..ill  be  used  as  a  nominal  gross  weight  for  the  test  pro 
gram.  'Tin*  minimum  gross  weight  will  be  1 1 1 00  lb  and  the  maximum  gross 
weight  will  be  2  100  lb.  I  he  air  rail  .is  flown  is  within  the  renter  of  gra\  i 
tv  limits  outlined  m  the  Y(  Ml  n\  ope  ran  on  a!  manual.  The  marine  i  define- 
the  renter  of  gravity  lim  1  ;  as  f|7  in.  to  Hit  m.  a  tii  k  .  .e  ”0  m.  m 
Iron  t  of  the  I  ir  I  i  ca)pl  e  r . 

Tin  mst  niini'n  tat  ion  it  .  ae.e  1  .n  i  h «  oi  i  r  ft  *  o-  mi  of  plU,i  >  ymr!  .  nd 
a  2  f  >  v  hat  n  el  (’EC1  1 1  sr  i  1  log  rap  h  with  nssoei.m  (I  nun  eh  in  networks  and 
wiring.  I  ! I e  f o 1 1 o w  1 1 1 »  pa i ■  .  1 1 1 •  M t •  i ■  s  a.  <  •  i a*  r  i  ■«.>;'!•  ■  I  < I u  r  n  1 1 1 . 

CP  (  'am<  •  ra  tom  t  ■  -g  >  .. 

O  (  Vu  1  ogra pli  i  i.mili  r  \o. 

©  \  i  1 1 :  i  ir  t  e  r 

O  Airspeed 

©  Hi  ts  i  dr  air  NMaacr  tii  re 


wm  ’  e  - 1 : 


' !",I*W-Trr Tv  L 


J*  •  r 


Fiuui-c1  54.  Completed  Installation  of  Regenerative 
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ST\m 

©  Kuel  inlet  1  cm pe r at u re 
O  i’owi'r  turbine  governor  position 
©  (Ins  producer  i.-vtT  position 
O  Collective  pi  toil  position 
O  1 1  ors*  ’power 
©  Kind  inlet  pressu re 
O  ( ’  I  oc  k 

©  (las  producer  peed  (\  C 

©  INuot  turi)ine  Speed  ( \9) 

©  M  n  i  i  r  ' t  or  s  i  >*  >ed  (  N  ^ ) 

®  r  ue  i  i  /!>  pres  are 
©  tuipdne  pressure 
©  rurbine  1 1 1 (•  t  t em  ne ratu re 
©  (hi  in  i  *1  trmpf  eui  III  re 
©  (Compressor  inlet  temperature 
©  Battery  \  oltu  je 
©  Compressor  mii't  pressure* 

©  Starter  current 
©  Cle  n<  •  rat  or  1  oad 
©  I  n  d  i  c  a  t  ( * !  ■  and  ••writ  1 1  a  n  t  s 
©  Kiipiu*  i  oi!![ni!‘i!!  i  tern p>  ra fu res  (17) 

©  I  ue I  flow 

©  (Suit  i* .  u  *>  t  •  i .  s  ;  r  l  u  pro.  an 
©  !  \  d  \  . .  I  \  e  d  imp  ; » r  e  s  s  u  r  •  • 

Kir  re  7  shows  the  i  ns  t  ru  menta  t  ion  insta  Md  in  the  aircraft. 

i\<  i  \  i  .i .  \  i  m\  <  >ssks 


1  i *  i  '  I  *  *  .s  l  ■  i 
■  pp-  .  it*  •  v  ’u  It*.*  * 

■ .  i •  I  it  1 1 a i  : 

•  '  v  t  II  .(  •  t  •  j  *  }  M  ‘  M  .  O 

til*  ea  r  \  m  c  •  •  :  '  :  hi  •  • 

on  t’l  i  •  •  an  an  I  shutdow  n 

I'll**  i\v|i  ms!  I'ni  'ertor  was  :*»»m  ed  and  ’  ie  <  e  >  r  ‘ !  i  *n  so  il  i\  ,ih  replaced. 

\\  111  lo  tin-  t  u  i  *  I  >  i  r  io  was  shut  down,  (ho  l>al  i  or-  piston  s»  d  was  measured. 

Tlerne  wa  mi  u.o’ism  ible  Manye  in  ha  nee  o  ton  simI  Me. mam  o  she  h 

c»m  Mm  o  i  iiisod  tin*  dopt  oci  at  ioi  II  I  o!  t  ho  com  or  ess  or  uisr  u.i  1 
renew*  >  p:  •<  t  the  rotor  a*  dirt  n.idfU’  the  it  tpeUer  .a!iroi  I  \o  hi  l 
was  t  m  1 1 1  d  ure  I*  he  impeller  whim  could  I  .e  caused  •  urpne  depreriat.  *i 

i  >  *  r  *  *  r.eiio  r  a  1 1 ),  w  1 1  ;o  cheeked  and  four  i  tret*  ot  at  I  ea  k  a  r « *  lease 

, !  r  e  t  h  i  *  m  os  *  a  l-.e  I  v  pi  aei  as  lor  online  depn  r in t .  m:  to  mrur. 


M  d  2 )  it  in  ited  that  tin*  performance  was 
M  •  aieasurt  d  in  lie*  lireraifl  (‘omparml  to  die 
*  1 1.. ;  t .  i  i  I  at  i  oi  Since  the  insta  !  ition  loss  was 
'o  wa  *  m  ed  for*  ;  a\ ias  l  mat  ion  In  addition, 
•Mans4  roll*  tor  >•  I,  ta  .  i  tine,  in  le  uvy  smoking 
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Engine  S/N— 4000G0 
BU  —  13 
Test  Date— 

4  October  1967 


Specification 

I  ✓ 


O  With  Standard  Instrument 
Ring  and  Compressor 
Inlet  Temperatures 

I  i 

□  Aircraft  Instrument  Ring 
Compressor  Inlet 
Temperatures 


O  Aircraft  Ring  Witli 


Standard  Compressor 
Inlet  Temperatures 


160 


120 


Turbine  Outlet  Temperature. 

(T  /  0  -460  )  —  °F 
*  5 


Figure  08.  Engine  Performance  with  Aircraft  Instrumentation 

Ring  Installed. 


To  determine  the  actual  installation  losses,  the  t<  st  stand  data  obtained  in 
BU  13,  with  the  aircraft  instrumentation  ring  installed,  was  used  as  the 
base  line  Figure  59  shows  the  installation  loss  of  the  regenerative  en¬ 
gine  in  the  modified  YOII-OA  aircraft.  The  flight  test  data  are  a  composite 
of  all  the  data  obtained  at  1500  and  5000  ft  corrected  to  sea  level  standard 
day  conditions.  At  maximum  turbine  outlet  temperature  (1380°F),  the 
installation  loss  was  2.  2%  in  horsepower  and  1. 8%  in  specific  fuel  con¬ 
sumption.  In  terms  of  performance  level,  the  installed  engine  was  4.0% 
below  specification  horsepower  as  a  result  of  the  2.  2%  installation  loss  and 
2.4%  loss  associated  with  blockage  of  the  instrumentation  ring. 

FLIGHT  PERFORMANCE  F  VA  Llj  A' ,  IPX 

In  addition  to  the  fixed  airspeed  c  ml  ion  shown  in  Figure  59,  variable 
airspeed  calibrations  were  run  at  >00-,  5000  ,  and  10,000-ft  altitudes. 

The  calibrations  were  run  at  1900-,  2200 and  2000-lb  gross  weight. 

The  test  data  are  shown  in  Figures  00,  01,  and  02.  'The  data  are  corrected 
to  standard  day  altitudes  to  account  for  the  slight  variations  in  altitude*  and 
temperature  encountered  during  the  flight  test. 

One  of  the  major  problems  of  installing  a  regenerator  on  an  existing  engine 
is  the  reduction  in  horsepower  associated  with  the  increased  pressure 
drop.  A  comparison  of  the  specific  lion  values  for  the  regenerative  and 
nonregenerative  engines  is  presented  in  'Table  XLY. 

I  i  terms  of  level  flight,  the  regenerative  powered  aircraft  was  capable*  of 
flying  to  the  maximum  Vyrp.  (velocity  not  to  exceed)  of  the*  aircraft  without 
exceeding  1300°F  (takeoff  and  Militaiy)  at  all  altitudes  from  sea  level  to 
10,  000  ft.  However,  there  are  vo  areas  where  the*  lower  power  avail¬ 
able  will  limit  the  aircraft  performance:  on  a  maximum  power  climb  to 
10,000  ft  and  hovel  out  of  ground  effect  at  95°F  and  0000  ft. 

A  maximum  power  climb  and  ar  autorotation  descent  are  shown  in  Figures 
03  and  04.  The  maximum  power  climb  to  10,000  ft  took  10  min  compared 
to  0.  5  min  for  a  nonregenerative  engine.  This  slower  climb  rate  was  due 
to  the  lower  powm*  available*. 

During  hover  out  of  ground  effect  the  only  comparison  available  would  be 
a  direct  comparison  of  the  specification  horsepowers  available  on  a  !»f>°F 
0 000“ ft  day.  For  the  nonregenerative  engine,  the  maximum  horsepower 
available  is  207;  for  the  regenerative  engine,  the  maximum  power  avail¬ 
able  is  180  horsepower.  This  is  a  10'f  reduction  in  maximum  available 
power.  The  power  available  on  a  95°F,  0000-ft  day  is  05  f  of  that  avail 
able  on  a  standard  dav  of  5'»°F  sea  level,  which  is  comparable  to  the 
lapse  rate  of  the  nonregenerative  engine. 


1  1  3 


pec  if  ic  Fuel  Consumption  Corrected 


4 


To  determine  the  effect  of  the  regenerator  on  the  range  of  the  aircraft, 
the  fuel  consumption  data  were  adjusted  for  the  blockage  due  to  the  ii  tru- 
mentation  ring  using  the  data  obtained  from  Figure  58  to  adjust  the  air¬ 
craft  performance  data  shown  in  Figures  60  and  61.  The  resulting  data 
were  plotted  as  specific  range  and  compared  with  nonregenerative  engine 
data  obtained  from  USATECOM  Report  No.  4-3-0250/51  /52/53  which  was 
obtained  on  S/N  62-4212  aircraft  at  Edwards  AFB,  California.  The  re¬ 
sults  are  shown  in  Figures  65  and  63. 

At  1500  ft,  the  improvement  in  specific  range  varied  from  18.  9%  to  24%. 

It  was  estimated  that  the  improvement  in  specific  range  would  be  from  25% 
to  36%,  with  the  maximum  improvement  being  at  the  minimum  hcr>;  jpower 
point.  The  lower  improvement  in  specific  range  is  due  to  the  higher  horse¬ 
power  requirements  of  the  regenerative  aircraft.  The  modification  which 
resulted  in  a  bubble  on  either  side  of  the  aircraft  could  account  for  the 
difference.  However,  since  the  drag  curves  were  obtained  on  two  different 
aircraft,  it  is  conceivable  that  the  difference  could  be  due  to  variations  in 
aircraft  rather  than  the  modification. 

At  5000  ft,  the  drag  curves  for  the  regenerative  and  nonregenerative  air¬ 
craft  are  the  same  at  the  low  and  high  airspeeds.  At  these  points,  the 
specific  range  agrees  very  closely  with  the  originally  estimated  values. 

The  regenerative  engine  powered  aircraft,  therefore,  can  be  expected  to 
ha^e  a  specific  range  that  is  2  5%  to  30%  better  than  the  nonregenerative 
ai  rcraic. 

TOM  PA RTIHENT  TEMPERATURES 

Due  to  the  location  of  the  regenerators  above  the  engine,  the  ten  perature 
around  the  engme  directly  below  the  regenerators  will  increase.  A  fan 
was  installed  to  blow  outside  air  around  the  engine  in  tins  area.  Test  data 
indicate  that  the  blower  reduced  temperatures  20°  to  50°F  around  the  left 
side  of  the  1  >  bine  only. 

The  major  problem  encountered  was  the  distribution  of  the  temperatures 
around  the  engine.  The  right-hand  side  and  the  top  of  the  turbine  were 
considerably  above  the  !50°F  limit.  To  provide  a  more  oven  flow  of  air 
through  the  compartment,  an  opening  at  the  back  of  the  aircraft  was  pro¬ 
vided  by  placing  a  hole  in  the  rear  cap  which  is  between  and  above  the  ex¬ 
haust  extensions.  This  reduced  the  temperatures  from  90°  to  200°F  on 
tin*  right- hand  side  and  the  top  of  the  tur1  me. 

Originally  the  exhaust  extensions  were  scarfed  as  shown  in  Figure  53.  To 
prevent  the  possibility  of  exhaust  gas  flow  into  the  compartment,  an  8-in.- 
diameter  pipe  was  installed  over  the  extensions.  The  pipe  extended  3  in. 
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Condition  1500  ft  Altitude.  Standard  Day 
Gross  Weight  2,200  lb 
LHV  18,  400  BTU/Lb 

-  t—  — r_~  ~  t  t  t  r 

Flight  tosi.  data  with  regenerative  engine  (Model  250 
fuel  flow  adjusted  to  compensate  for  inlet  airflow 
blockage  due  to  instrumentation  (No  35,000  rpm). 


Flight  performance  with  nonregenerativc  engine 
(Model  2 50- CIO):  estimated  fuel  flow  from  Model 
Specification  580- F,  Amendment  I  (N2  35,000 

rpm)  Reference:  Part  two  of  engineering  flight  test 
of  OH-GA  helicopter  (USATECOM  Project  No. 
4-3-0250  51  52/53) 


regenerator  test  fuel  1 
noni*egeneral ive  reqoi 
horsepower  1 


Figure  6 3,  Helicopter  Performance  Comparison  at  1500  Feet 


past  the  clamshell  doors.  With  this  configuration,  it  was  possible  to  ge  L 
a  compartment  temperature  which  was  satisfactory  for  flight  test. 

The  location  of  the  thermocouples  and  a  comparison  of  compartment  tem¬ 
peratures  for  a  regenerative  and  a  nonregenerative  aircraft  are  shown  in 
Figure  G7.  Although  the  temperatures  were  from  27°  to  96°F  higher  than 
those  in  the  nonregenerative  installation,  all  temperatures  were  within 
limits.  Table  XX  compares  the  compartment  temperatures  at  different 
flight  conditions.  The  highest  temperatures  occurred  at  level  flight  at 
high  speed.  Although  the  temperatures  were  still  within  limits,  problems 
could  occur  at  ambient  temperatures  above  80°F.  Insulating  the  regener¬ 
ators  would  help  this  problem  and  eliminate  the  need  for  the  cooling  air 
fan. 

TRANSIENT  RESPONSE 

Transient  operation  was  checked  throughout  the  operating  range  from  sea 
level  to  lu,  000  ft.  One  of  the  main  areas  of  interest  centered  around  the 
effect  of  the  thermal  inertia  of  the  regenerators.  The  effect  of  thermal 
inertia  would  he  most  readily  seen  on  a  collective  deceleration.  The  ob¬ 
jective  of  the  maneuver  is  to  reduce  forward  speed  without  changing  alti¬ 
tude.  The  pilot  lowers  collective  to  unload  the  rotor  and  flares  the  ship. 
File  rotor  speed  starts  to  increase  and  the  engine  decelerates.  The  maxi¬ 
mum  speed  attained  by  the  rotor  is  determined  to  a  great  ex  ten 4  by  how 
fast  the  engine'  decelerates.  With  a  2-sce  collective  movement,  the  rotors 
split  at  !0Tt:  speed  at  1:700  ft,  108%  at  7000  ft,  and  110%  at  10,000  ft. 
Faster  collective  movements  resulted  in  no  split  before  the  rotor  reached 
1  10"'.  Surge  checks  were  also  made  at  all  altitudes  to  check  the  effect  of 
the  increased  pressure  drop  on  the  surge  margin  of  the  engine.  No  surges 
were  encount r-i’ed  from  sea  level  to  10,000  It. 

\  eve  lc  rat  ions  were  also  made  to  check  the  acceleration  characteristics, 
which  are  primarily  a  function  of  the  control  system.  On  a  collective 
acceleration,  the  droop  of  the  i  otor  speed  is  a  function  of  the  acceleration 
rate  of  the  engine.  Rotor  droop  as  low  as  81%  w  as  encountered.  This 
problem  can  be  remedied  by  increasing  the  slope  of  the  fuel  schedule  at 
the  lower  gas  speeds.  At  10,000  tt,  the  collective  accelerations  resulted 
in  peak  temperatures  in  excess  of  800°C  (1472°F).  This  problem  also 
could  he  eliminated  hv  a  change  in  the  fuel  control  schedule. 

fias  producer  acceleration  and  deceleration  made  by  a  throttle  movement 
were  satisfactory  at  all  altitudes.  Minimum  gas  producer  speed  droop  was 
7  7%  on  the  dece le rations . 
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Figure  67.  YOH-6A  Compartment  Temperatures. 


A  direct  comparison  of  the  transient  response  of  the  regenerative  and 
nonrogenerativc  engines  is  given  in  Table  XXI,  Representative  plots  of 
the  transient  data  are  shown  on  Figures  08  through  71. 

Steady- state  operation  was  entirely  satisfactory.  No  abnormal  torsional 
or  low  cycle  Instability  was  encountered. 

INFRARED  SIGNATURE  MEASUREMENT 

Since  the  addition  of  the  regenerators  lowers  the  exhaust  gas  temperature 
by  approximately  320°F(  the  infrared  signature  of  the  aircraft  would  be 
significantly  reduced.  The  infrared  signature  of  the  regenerative  powered 
aircraft  was  tested  at  the  Allison  flight  test  facilities  by  personnel  of  the 
Infrared  Countermeasures  group  of  the  Naval  Air  Testing  Station  at  China 
Lake,  California.  A  substantial  reduction  in  infrared  signature  was 
measured.  A  separate  report  by  the  Naval  Air  Testing  Station  will  sum¬ 
marize  the  results  of  this  test. 
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TABLE  XXL 


TRANSIENT  RESPONSE  COMPARISON 


TG3-A  5., 

Regenerative  Engine 

Gross  Weight 

2  ion  lb 

2200  lb 

Altitude 

1  5  Of  ft 

1500  ft 

Outside  Air' 

Temperature 

G  5°F 

G  5°F 

Collective 

Acceleration 

HT-  N,X(< 

81%  N2Nr 

Throttle 

!)f>%  N.,N 

88%  N.,N,, 

Acceleration 

Surge  Check 

Collective  Dm  deration 

Ol . 

OK 

Slow 

I  (HI  -  \  Split 

10.5":  X.,  Split 

Medium 

1  OfP'R  N  ,  Split 

1 12";  \9  Xu  split 

Fast 

1  1  ()'r  \.,  \(»  Split 

APPENDIX 


PERFORMANCE  CURVES 

The  curves  included  in  the  Appendix  are  a  complete  set  of  all  pertinent 
performance  parameters  obtained  on  the  engine,  S/N  400060,  BU  No.  10, 
during  the  altitude  calibration  runs.  In  addition,  the  estimated  altitude 
performance  as  obtained  from  tS*  L-14  IBM  deck  is  included. 
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Figure  80.  Test  Data  at  Sea  Level  and  -35  F 
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Figure  91.  Tc 


Test  Data  at  10.  000  Feet  and  23  F. 
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Figure  113.  Calculated  Regenerator  Performance  at  Normal  Power 
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Figure  114.  Calculated  Regenerator  Performance  at  90*7  Normal  P 
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